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Summary

Hepatitis C virus (HCV) infection is a global health problem characterized

by a high rate of chronic infection, which may in part be due to a defect

in myeloid dendritic cells (mDCs). This defect appears to be remedied by

treatment with interferon-a (IFN-a) -based antiviral therapies; however,

the molecular mechanisms underlying mDC dysfunction in HCV infection

and restoration by IFN-a treatment are unclear. The ubiquitin-editing

protein A20 plays a crucial role in controlling the maturation, cytokine

production and immunostimulatory function of mDCs. We propose that

the expression of A20 correlates with the function of mDCs during HCV

infection and IFN-a therapy. In this study, we observed that A20 expres-

sion in mDCs isolated from chronically HCV-infected subjects was signifi-

cantly higher than healthy subjects or subjects achieving sustained

virological responses (SVR) following antiviral treatment. Notably, A20

expression in mDCs from HCV patients during IFN-a treatment was sig-

nificantly lower than for untreated patients, SVR patients, or healthy sub-

jects. Besides, A20 expression in mDCs stimulated by polyI:C differed

between HCV patients and healthy subjects, and this difference could be

abrogated by the treatment with IFN-a in vitro. Additionally, A20 expres-

sion by polyI:C-activated mDCs, with or without IFN-a treatment, nega-

tively correlated with the expression of HLA-DR, CD86 and CCR7, and

the secretion of interleukin-12 (IL-12), but positively associated with the

production of IL-10. Importantly, silencing A20 expression using small

interfering RNAs increased the production of IL-12 in mDCs of chroni-

cally HCV-infected individuals. These findings suggest that A20 plays a

crucial role in negative regulation of innate immune responses during

chronic viral infection.

Keywords: A20; chronic infection; hepatitis C virus; interferon-a; myeloid

dendritic cells

Introduction

Hepatitis C virus (HCV) is a major health problem, with

an estimated 170 million individuals infected worldwide.1

Over 80% of HCV-infected individuals develop chronic

infection, which is associated with liver cirrhosis and

hepatocellular carcinoma.2 The effective clearance of HCV

depends on a robust and prolonged antiviral T-cell

response.3,4 However, chronically HCV-infected individu-

als are often characterized by attenuated HCV-specific

CD4+ and CD8+ T-cell responses, which allows HCV to

evade immune surveillance and persist in infected

individuals.5–7 Dendritic cells (DCs) are the most potent

professional antigen-presenting cells, and play a pivotal

role in initiating and regulating innate and adaptive

immune responses to viral infection.8 There are two DC

subsets: myeloid DCs (mDCs) and lymphoid DCs. The

mDCs are derived from a myeloid bone marrow precur-

sor and their primary function is uptake, processing and

presentation of endogenous and exogenous antigens.9

Dysfunction of mDCs may be the primary cause of

impaired T-cell responses in HCV-infected individuals.10

Indeed, mDCs isolated from chronically HCV-infected

patients show a reduced capacity to induce a mixed
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lymphocyte response, impaired maturation and decreased

interleukin-12 (IL-12) production.11–16 Intriguingly, recent

studies indicate that treatment with interferon-a (IFN-a)/
ribavirin (RBV) restores the function of mDCs in HCV

patients, a finding that correlates with higher antiviral T-

cell responses.17–21 However, the mechanisms underlying

mDC dysfunction in chronic HCV infection and functional

restoration by IFN-a-based therapy remain largely

unknown.

A20 is a potent anti-inflammatory protein that nega-

tively regulates nuclear factor-jB signalling via its

de-ubiquitinating, E3 ligase and ubiquitin-binding func-

tions.22,23 Several genetic and biochemical studies show

that A20 inhibits tumour necrosis factor (TNF), Toll-like

receptor (TLR), nucleotide-binding oligomerization

domain protein and CD40-mediated activation of nuclear

factor-jB signalling by editing the ubiquitin chains on

key signalling proteins that transduce these signals.24–27

A20-deficient mice spontaneously develop cachexia and

severe inflammatory disease.28 Single nucleotide polymor-

phisms in the human A20 locus (also known as

TNFAIP3) correlate with several human autoimmune dis-

eases, including psoriasis, systemic lupus erythematosus

and rheumatoid arthritis.29–31 Additionally, a recent study

shows that A20-silenced DCs induce robust anti-tumour

immune responses, resulting in the rejection of tumours

engrafted into immunized mice.32 Similarly, A20-silenced

human DCs show an increased capacity to polarize IFN-

c-producing CD4+ T-cell responses, and to prime

tumour-specific CD8+ T cells.33 These data indicate that

A20 plays a critical role in controlling DC function, and

subsequently T-cell responses.

Here we hypothesize that A20 expression might be

up-regulated and associated with mDC dysfunction in

patients with chronic hepatitis C and could be cor-

rected by the treatment with IFN-a. To test this

hypothesis, we examined A20 expression in mDCs iso-

lated from treatment-naive patients, patients during

IFN-a therapy, patients achieving sustained virological

responses (SVR) after therapy, and healthy subjects. We

also examined A20 expression and its function in

human mDCs stimulated with TLR3 ligand-PolyI:C,

with or without IFN-a, which are known to

synergistically induce IL-12 production. Our study dem-

onstrated that A20 expression in mDCs from chroni-

cally HCV-infected patients was significantly higher

than that in healthy subjects or patients achieving SVR

following antiviral treatment. However, A20 expression

in mDCs from patients during IFN-a treatment was

significantly lower when compared with treatment-naive

patients, healthy subjects, or patients who achieved

SVR. We also found that A20 was over-expressed in

both unstimulated and polyI:C-stimulated mDCs from

HCV patients when compared with healthy subjects,

and its expression level was negatively associated with

IL-12 production. Notably, IFN-a significantly decreased

A20 expression in mDCs, and restored the HCV-medi-

ated suppression of IL-12, a key cytokine linking innate

and adaptive immunity. Importantly, silencing A20

expression using small interfering RNAs (siRNAs)

increased the production of IL-12 in mDCs of chroni-

cally HCV-infected individuals.

Materials and methods

Subjects

Fifty-seven HCV-infected patients and 15 healthy subjects

were enrolled in this study. The characteristics of all sub-

jects are listed in Table 1. Group one comprised 31

HCV-infected patients that had never been treated (treat-

ment-naive patients). The second group comprised 16

patients that had been undergoing IFN-a/RBV antiviral

therapy for 1–6 months (patients receiving antiviral treat-

ment); the viral load was significantly lower in these

patients. The third group contained 10 patients who had

achieved SVR after antiviral treatment (patients achieved

SVR). All HCV patients were negative for HIV and hepa-

titis B virus (HBV). Testing of the HCV viral load was

performed by the Department of Infectious Diseases at

Tangdu Hospital. The fourth group comprised 15 healthy

subjects who were negative for HCV, HBV and HIV.

Written informed consent was obtained from all subjects.

This study was approved by the institutional review

boards of the Forth Military Medical University and

Tangdu Hospital.

Table 1. Characteristics of the study subjects

Study subjects

Healthy subjects

(n = 15)

Treatment-naive

patients (n = 31)

Patients receiving

antiviral treatment

(n = 16)

Patients achieving

SVR (n = 10)

Age (years), mean (range) 32�1 (22–43) 34�3 (17–46) 37�8 (21–50) 39�6 (27–52)

Gender (male/female) 10/5 22/9 10/6 7/3

Genotype (G1/G2) N/A 15/16 9/7 4/6

HCV viral load (105 IU/ll), mean (range) N/A 66�86 (1�30–371) N/A N/A

HCV, hepatitis C virus; N/A, not applicable; SVR, sustained virological response.
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Isolation and culture of mDCs

Peripheral blood mononuclear cells (PBMCs) were iso-

lated from whole blood by density gradient centrifugation

using Ficoll–Hypaque (Sigma-Aldrich, St Louis, MO).

PBMCs were then viably frozen in a solution comprising

90% fetal bovine serum (Gibco, Grand Island, NY) and

10% dimethyl sulphoxide (Invitrogen, Carlsbad, CA) and

stored in liquid nitrogen until use. Myeloid DCs were iso-

lated from PBMCs using the BDCA-1+ Dendritic Cell Iso-

lation Kit (Miltenyi Biotech, Auburn, CA) according to

the manufacturer’s instructions. The mDCs isolated from

10 treatment-naive patients and 10 healthy subjects were

cultured separately at 2 9 105 cells/ml in 0�2 ml of

culture medium in 96-well round bottom plates with

RPMI-1640 (Gibco) containing 5% fetal bovine serum,

100 lg/ml penicillin-streptomycin and 2 mM L-glutamine

(Gibco). Myeloid DCs were cultured in medium alone, or

supplemented with 50 lg/ml polyI:C (Invivogen, San

Diego, CA) for 12 hr, or supplemented with IFN-a
(1000 U/ml; Roche, Shanghai, China) for 48 hr, or sup-

plemented with IFN-a (1000 U/ml) for 36 hr, followed

by the addition of polyI:C (50 lg/ml) for a further 12 hr

(48 hr in total).

Flow cytometry

To examine DC maturation, cells were cultured in vitro

and stained with allophycocyanin-conjugated anti-HLA-

DR, R-phycoerythrin-Cy5-conjugated anti-CD86, and

phycoerythrin-conjugated anti-CCR7 antibodies (BD Bio-

sciences, San Jose, CA). Staining of intracellular A20 was

performed using an Inside Stain kit (eBioscience, San

Diego, CA) and the DyLight488-conjugated anti-A20

antibody (Abcam, Cambridge, MA). Isotype-matched

control antibodies (Abcam) were used to determine the

levels of background staining. The mDCs were analysed

on a FACS Aria II flow cytometer (BD, Piscataway, NJ)

and the data were analysed using CELL QUEST software

(BD, San Jose, CA).

Quantitative real-time PCR

A20 mRNA expression was measured by a relative real-time

quantitative PCR assay. Briefly, total RNA was isolated

from 2 9 105 mDCs using the RNeasy Minikit (Qiagen,

Hilden, Germany) and reverse transcribed into cDNA using

oligo(dT) primers and the Revert Aid First Strand cDNA

Synthesis Kit (Fermentas, Burlington, Canada). Quantita-

tive real-time PCR was performed using the ABI 7500 sys-

tem (Applied Biosystems, Carlsbad, CA) and the SYBR

Premix Ex TaqII kit (Takara, Otsu, Shiga, Japan) according

to the manufacturer’s instructions. The expression of

b-actin was measured to normalize the A20 mRNA

levels. The following primers were used: A20 sense,

50-GGAAGCTTGTGGCGCTGAA-30; and A20 antisense,

50-TCCAGTTGCCAGCGGAATTTA-30. The primers were

designed and synthesized by Takara (Dalian, China).

Cytokine ELISA

The levels of IL-12p70 and IL-10 secreted into the culture

supernatant by mDCs were measured by using Quantiki-

ne M ELISA kits (R&D Systems, Minneapolis, MN)

according to the manufacturer’s instructions.

A20 siRNA silencing

A total of 3 9 105 mDCs isolated from chronically HCV-

infected patients were incubated with 10 lmol A20

siRNA duplex or control siRNA in 200 ml siRNA Trans-

fection Medium in a six-well plate according to the man-

ufacturer’s instructions (Santa Cruz Biotechnology,

Dallas, TX). After 6 hr of incubation at 37°, normal

growth medium containing 29 concentrations of normal

serum and antibiotics was added. The transfected cells

were then incubated for 18–72 hr, followed by detection

of A20, IL-12p70 and IL-10 as described previously.

Statistical analysis

Student’s t-test was used to analyse the significance of dif-

ferences. Spearman’s correlation analysis was also per-

formed. All tests were two-tailed and P values < 0�05
were considered significant.

Results

A20 expression is up-regulated in mDCs from HCV-
infected patients compared with healthy subjects and
down-regulated by IFN-a therapy

As an initial approach to characterize the role of A20

in mDCs from HCV-infected individuals and its

response to IFN treatment, mDCs were isolated from

PBMCs of four groups of subjects by sorting with anti-

BDCA-1 magnetic beads, to a purity of > 90%. A20

mRNA and protein expression were measured using

quantitative real-time PCR and flow cytometry. As

shown in Fig. 1, A20 was found to be constitutively

expressed in mDCs of all study subjects. Chronically

HCV-infected individuals (treatment-naive patients)

exhibited significantly elevated A20 mRNA and protein

expression in mDCs when compared with healthy sub-

jects. Conversely, A20 expression in patients undergoing

IFN-a-based antiviral therapy was significantly lower

than that in treatment-naive patients and healthy sub-

jects, suggesting that A20 expression is down-regulated

by IFN-a-based antiviral therapy. Moreover, A20

expression in patients achieving SVR was lower than
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HCV treatment-naive patients, but higher than patients

undergoing IFN-a therapy, and had no significant dif-

ference with healthy subjects (Fig. 1a–c). These results

suggested that A20 may be up-regulated by HCV infec-

tion but down-regulated by IFN-a therapy.

A20 mRNA expression in mDCs is down-regulated by
IFN-a treatment in vitro

Myeloid DC dysfunction has been reported in chronic

HCV patients, but the underlying mechanisms remain

unclear.11–16 Since A20 regulates the immunological func-

tion of mDCs,32,33 we hypothesized that the expression of

A20 might be dysregulated in mDCs by HCV infection.

To test this hypothesis, we isolated mDCs from HCV-

infected individuals and healthy subjects, stimulated with

polyI:C (a ligand for TLR3), followed by measuring A20

mRNA levels by quantitative PCR. As shown in Fig. 2(a),

the level of A20 mRNA in mDCs from healthy subjects

was significantly reduced upon stimulation with 50 lg/ml

polyI:C for 12 hr. In contrast, there was no significant

decrease of A20 mRNA expression by mDCs isolated

from HCV patients following polyI:C stimulation. This

result suggested that A20 expression in mDCs may be

dysregulated by chronic HCV infection. To determine the

effect of IFN-a on A20 expression, mDCs were cultured

with 1000 U/ml IFN-a or with IFN-a/polyI:C. A20

mRNA expression by mDCs from both treatment-naive

patients and healthy subjects was markedly down-regu-

lated upon stimulation with either IFN-a (Fig. 2b) or

IFN-a/polyI:C (Fig. 2c). Moreover, A20 mRNA expres-

sion of mDCs stimulated with IFN-a/polyI:C was down-

regulated more than when stimulated with IFN-a alone.

These data suggest that in addition to directly affecting

A20 expression, IFN-a synergistically sensitizes mDCs to

TLR stimulation.

A20 protein expression is down-regulated, whereas
HLA-DR, CD86 and CCR7 expressions are up-
regulated, in mDCs by IFN-a treatment in vitro

To further characterize the relationship between A20

expression and mDC function in patients with HCV

infection and undergoing IFN-a treatment, we examined

the expression of A20 protein and several phenotypic

markers in mDCs by flow cytometry. Myeloid DCs iso-

lated from 10 treatment-naive patients and 10 healthy

subjects were stimulated with polyI:C, IFN-a, or IFN-

a/polyI:C as described above. As shown in Fig. 3(a), the

expression of A20 protein mirrored the A20 mRNA level.

More than 90% of mDCs expressed the MHC Class II

molecule, HLA-DR; however, polyI:C-activated mDCs

from healthy subjects showed higher HLA-DR expression

than that of HCV patients (Fig. 3b). Similarly, the expres-

sion of the co-stimulatory molecule CD86 and chemokine

receptor CCR7 was found to be consistently higher in
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Figure 1. A20 expression increased in myeloid

dendritic cells (mDCs) isolated from patients

chronically infected with hepatitis C virus

(HCV) compared with healthy subjects and is

decreased in mDCs isolated from HCV

patients receiving antiviral therapy. (a) Quanti-

tative real-time PCR was used to detect A20

mRNA levels in mDCs isolated from treat-

ment-naive patients (n = 31), patients receiv-

ing antiviral treatment (n = 16), patients

achieving sustained virological responses

(n = 10) and healthy subjects (n = 15). Each

symbol represents an individual subject, and

the horizontal bars represent the median val-

ues. (b, c) A20 expression in mDCs was

assessed by flow cytometry. Corresponding

changes in % gated and mean fluorescence

intensity (MFI) are shown with isotype control

in representative histograms (b). Summary

data of corresponding changes in MFI from

subjects from the four groups are shown by

bar figure (c). *P < 0�05, **P < 0�05,
***P < 0�001, ns: not significant.
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mDCs isolated from healthy subjects than those from

HCV patients after stimulation with polyI:C (Fig. 3c,d).

Conversely, treatment with either IFN-a or IFN-a/polyI:C
up-regulated HLA-DR, CD86 and CCR7 expression to a

similar extent in mDCs from treatment-naive patients

and healthy subjects (Fig. 3b–d). These data suggest that

mDCs from treatment-naive patients are in an immature

state; and that IFN-a-induced phenotypic changes of

mDCs from HCV patients may be associated with A20

expression.

IL-12 production is improved, whereas IL-10 is
inhibited, in mDCs by IFN-a treatment in vitro

We next examined the production of IL-12 and IL-10 by

mDCs treated with polyI:C, IFN-a, or IFN-a/poly-I:C
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Figure 2. Interferon-a (IFN-a) down-regulates

the expression of A20 mRNA in myeloid den-

dritic cells (mDCs) cultured in vitro. The

mDCs purified from treatment-naive patients

(n = 10) and healthy subjects (n = 10) were

cultured in the presence of poly-IC, IFN-a, or
IFN-a/poly-IC. A20 mRNA levels were detected

by quantitative real-time PCR. (a) A20 mRNA

expression in mDCs isolated from treatment-

naive patients and healthy subjects and then

treated for 12 hr with polyI:C (50 lg/ml). (b)

A20 mRNA expression in mDCs isolated from

healthy subjects and treatment-naive patients

and then cultured with IFN-a (1000 U/ml) for

48 hr. (c) Myeloid DCs isolated from healthy

subjects and treatment-naive patients and then

cultured with IFN-a (1000 U/ml) for 48 hr.

PolyI:C (50 lg/ml) was added to the culture

for the final 12 hr. Each symbol represents

an individual subject. *P < 0�05, **P < 0�01,
***P < 0�001, ns: not significant.
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in vitro. As shown in Fig. 4(a), mDCs isolated from HCV

patients secreted much less IL-12 than those from healthy

subjects. Treatment with IFN-a or IFN-a/polyI:C
increased IL-12 expression by mDCs from HCV patients

to levels similar to those of healthy subjects. In contrast,

mDCs from HCV patients exhibited overall low levels of

IL-10 production, but their levels were still significantly

higher than those from healthy subjects (Fig. 4b). Expo-

sure of mDCs from HCV patients to IFN-a/polyI:C
reduced IL-10 production to levels similar to those

observed in healthy subjects. We also examined the asso-

ciation between A20 expression and mDC phenotype or

cytokine production in HCV-infected individuals by Pear-

son correlation analysis. As shown in Fig. 5, A20 expres-

sion was found to negatively correlate with the expression

of HLA-DR (Fig. 5a), CD86 (Fig. 5b), CCR7 (Fig. 5c)

and IL-12 secretion (Fig. 5d), but positively correlate with

IL-10 production (Fig. 5e).

Silencing A20 affects the production of IL-12 and IL-
10 in mDCs from treatment-naive patients

To determine whether A20 was truly involved in HCV-

induced IL-12 suppression and IL-10 production, we

silenced A20 gene expression in mDCs isolated from treat-

ment-naive patients by siRNA transfection. Compared with
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control siRNA, mDCs transfected with A20 siRNA dis-

played inhibition of A20 mRNA (Fig. 6a) and protein

expression (Fig. 6b). The inhibition of A20 by siRNA was

found to be more robust at 48 hr, and most significant at

72 hr after transfection. Correspondingly, HCV-mediated

inhibition of IL-12 expression by mDCs was corrected

(Fig. 6c) and the production of IL-10 was decreased

(Fig. 6d), most notably at 72 hr, following transfection of

A20 siRNA compared with control siRNA. Collectively,

these data suggest that HCV up-regulates A20 expression,

and A20 negatively regulates IL-12 expression in mDCs.

Discussion

A20, also known as TNFAIP3, is a newly identified nega-

tive immunomodulator and plays a crucial role in con-

trolling the maturation, cytokine production, and

immunostimulatory potency of DCs.34 So far, no studies

have examined the expression and function of A20 in

mDCs during chronic HCV infection or in response to

IFN-a-based antiviral therapy. The present study found

that the expression of A20 was significantly higher in

mDCs isolated from chronically infected HCV patients

when compared with healthy subjects and down-regulated

by IFN-a therapy. A20 mRNA expression in mDCs iso-

lated from treatment-naive patients and healthy subjects

was markedly down-regulated upon stimulation by IFN-

a, and more significantly by IFN-a/polyI:C. Moreover,

A20 expression in polyI:C-activated mDCs, with or with-

out IFN-a treatment, negatively correlated with the

expression of HLA-DR, CD86 and CCR7, as well as the

secretion of IL-12, but positively correlated with the pro-

duction of IL-10. Importantly, silencing A20 rescued IL-

12 inhibition and decreased IL-10 production in mDCs

isolated from treatment-naive patients. Taken together,

these data suggest that A20 is up-regulated and associated

with mDC dysfunction in chronically HCV-infected

patients, and can be corrected by the IFN-a treatment.

A20 was initially identified as a primary response gene in

human umbilical vein endothelial cells stimulated with

TNF-a; resting human umbilical vein endothelial cells do

not express A20.35 The expression of A20 is up-regulated

by stimulators, such as TNF-a or lipopolysaccharide,

resulting in inhibition of nuclear factor-jB signalling, sup-

porting the idea that A20 is an inducible molecule.25,27,36–38

However, most previous studies have examined the regula-

tion of A20 expression in cell lines, or in primary cells that

do not express A20 in the resting state.36–38 In contrast, our

results showed that significant levels of A20 were expressed

in the resting mDCs purified ex vivo from healthy subjects

and A20 expression was remarkably down-regulated in pol-

yI:C-activated mDCs characterized by up-regulation of

HLA-DR, CD86 and CCR7 expression and IL-12 produc-

tion. Interestingly, previous studies have shown that A20

expression is down-regulated in mature thymocytes and in

activated peripheral T cells, thereby initiating antigen-

induced immune responses; whereas the loss of A20 mRNA

upon activation is not stimulus-specific, and can be

induced by pharmacological stimuli, including phytohae-

magglutinin, IL-2 or anti-CD3 monoclonal antibody.39

Immune homeostasis in unchallenged animals is thought

to be the result of the absence of infectious agents or

inflammatory stimuli; however, recent studies suggest that

immunostimulatory ligands, such as microbial molecules,
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Figure 6. Silencing A20 rescues myeloid dendritic cell (mDC) interleukin-12 (IL-12) suppression and decreases IL-10 production in mDCs from

treatment-naive patients. Myeloid DCs transfected with A20 small interfering RNA (siRNA) or control siRNA were subjected to RT-PCR and

Western blot detection of A20 expression and ELISA of IL-12p70 and IL-10 secreted into the culture supernatant by mDCs. A20 siRNA inhibited

hepatitis C virus (HCV) infection induced A20 expression by RT-PCR (a) and Western blot detection (b), a stronger silencing of A20 protein

was achieved 48 hr and 72 hr after transfection. HCV-mediated IL-12 inhibition was partially restored (c) and the IL-10 production was

decreased (d) in mDCs transfected with A20 siRNA. The data were reproducible in three repeated experiments.**P < 0�01, ***P < 0�001.
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may be sensed in non-perturbed animals.40 Hence, we con-

clude that resting immune cells (such as DCs and T cells)

that encountered commensal microbes and host inflamma-

tory factors constitutively express certain levels of A20 to

prevent inappropriate activation, thereby maintaining

immune homeostasis. When the strength and duration of

the stimulus attain a certain level, A20 expression is down-

regulated in these cells, allowing them to actively

participate in the immune response. This notion needs to

be confirmed by more studies using primary immune cells.

Previous studies indicate that mDCs isolated from

chronically HCV-infected patients show a decreased

immune capacity11–16 and the treatment with IFN-a/RBV
restores the immune function of mDCs.17–21 The present

study suggests that mDCs from chronically HCV-infected

patients express high levels of A20 compared with healthy

subjects, and that A20 expression is markedly down-regu-

lated by IFN-based antiviral therapy. Physiological doses of

RBV do not alter the phenotype of mDCs,17 whereas IFN-a
induces mDC maturation.41 Our study shows that mDCs

from treatment-naive patients exhibit almost no response

to polyI:C treatment and a restored immunophenotype

upon stimulation with IFN-a. Interferon-a, a type-1 IFN,

has potent antiviral and immunomodulatory properties

and shares a common receptor on eukaryotic cells.42 Cellu-

lar responses to IFN-a are mediated by the coordinated

activation of different signalling pathways, including the

Janus-activated kinase-signal transducer and activator of

transcription pathway;43 however, the mechanism underly-

ing the effects of IFN-a on DC homeostasis in HCV

patients has yet to be identified. Interestingly, a recent

study shows that A20 is a candidate negative regulator of

the signalling cascade upstream of IFN regulatory factor 3

during innate antiviral responses, suggesting that A20 phys-

ically inhibits the dimerization of IFN regulatory factor 3

after TLR3 is bound by dsRNA or Newcastle disease virus,

thereby suppressing IFN production.44 Hence, it is possible

that A20 interacts with IFN-a in some form of a negative

feedback loop. On the one hand, IFN-a may activate mDCs

(and immune responses) by inhibiting the expression of

A20. On the other hand, it may inhibit the function of

mDCs, thereby inhibiting the immune response by either

directly or indirectly reducing the production of IFN-a.
Our data indicate that the expression of A20 by polyI:C-

activated mDCs, with or without IFN-a treatment, nega-

tively correlated with the expression of HLA-DR, CD86

and CCR7, as well as the secretion of IL-12, and positively

correlated with the production of IL-10. HLA-DR and

CD86 play pivotal roles in antigen presentation and

immune activation. CCR7 controls DC migration to

inflammatory sites and homing to secondary lymphoid

organs.45 Immature mDCs express CCR1, CCR2 and

CCR5; the ligands for these receptors are produced at sites

of inflammation and act as chemoattractants for DCs.46

After binding and taking up antigens in the periphery,

mDCs mature and up-regulate the expression of MHC

class I and II molecules, adhesion molecules and co-stimu-

latory molecules. As they mature, they down-regulate the

expression of receptors for inflammatory chemokines, and

increase their expression of CCR7. This induces the cells to

migrate towards chemokines constitutively expressed in the

secondary lymphoid organs: the site of T-cell stimulation.47

Given the data presented herein, A20 may alter the

function of mDCs through regulation of these molecules

during chronic HCV infection. Finally, we investigated the

effect of A20 on mDC production of IL-12 and IL-10. It is

well known that IL-12 promotes inflammation, whereas IL-

10 has opposing effects. The mDCs isolated from HCV

patients and cultured with polyI:C secrete significantly

lower amounts of IL-12, and larger amounts of IL-10, than

mDCs isolated from healthy subjects. These findings are

supported by previous studies showing that IL-12 activates

NK cells48 and induces the differentiation of Th1 cells,

which are the main producers of endogenous IFN,49

whereas IL-10 inhibits cytokine secretion by activated

monocytes50 and Th1 cells.48 Furthermore, blockade of

the A20 pathway significantly enhances IL-12 production

and decreases IL-10 production in mDCs of HCV-infected

subjects, suggesting that the A20 pathway plays a crucial

role in suppressing mDC functions. Our previous studies

show that IL-12 expression is affected by several negative

immunomodulators, such as T cell immunoglobulin

and mucin domain-containing protein-3(Tim-3), pro-

grammed death-1(PD-1), suppressor of cytokine signaling-

1(SOCS-1).51–53 These observations imply that negative

immunomodulators, such as A20, along with Tim-3, PD-

1 and SOCS-1, are associated with or linked in an inhibi-

tory circuit or form a cluster to prevent ubiquitin degra-

dation, and exert an integrated role in suppressing cell

functioning.

In conclusion, this study demonstrates that the expres-

sion of A20 is up-regulated and closely correlated with

mDC function in HCV-infected patients. This presents a

novel and crucial role for A20 as a negative regulator of

DC function in innate immune responses to HCV infec-

tion. These results may help to clarify the molecular

mechanisms underlying the immune response to chronic

HCV infection, and identify new targets for immune

therapy of HCV infection.
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