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HCV Viremia Drives an Increment of CD86
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The host immune response, including innate
and adaptive immunity, plays a critical role in
determining the outcome of viral infection.
Nevertheless, little is known about the exact
reasons for the failure of the host immune
system in controlling hepatitis C virus (HCV)
infection. Impairment of dendritic cells (DCs)
function is probably one of the mechanisms
responsible for immune evasion of HCV. In this
study, the frequency and phenotype of DCs
subsets were analyzed in three groups: HCV-
infected individuals who developed viral per-
sistence (1), HCV-infected individuals who
spontaneously cleared the virus (2) and HCV-
seronegative uninfected subjects (3). The re-
sults showed that the frequency of DCs subsets
was not statistically significant between groups.
Plasmacytoid DCs circulating exhibited an im-
mature phenotype characterized by low expres-
sion of CD86. On the other hand, CD86
expression in myeloid DCs was significantly
higher in chronic infected individuals compared
to healthy controls (P ¼ 0.037). A positive cor-
relation was observed between CD86þ myeloid
DC (mDC) and HCV viral load (r ¼ 0.4121,
P ¼ 0.0263). These results suggest that HCV did
not have an inhibitory effect on mDC matura-
tion and the HCV viremia drives the increase of
CD86 expression in mDC. The regulation of
DCs maturation and migration lies at the level
of intracellular signaling. HCV can activate or
block intracellular signaling pathways and alter
DC function. In conclusion, the present study
suggests that imbalance of DC maturation by
the virus represents a mechanism of evasion of
the immune system despite the fact that HCV
viremia appears to exert a “stimulatory” effect
on cell-surface immune phenotype. J. Med.
Virol. 85:1919–1924, 2013.
# 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Hepatitis C virus (HCV) is a major cause of chronic
liver disease worldwide. HCV is a small, enveloped,
single-stranded, and positive-sense RNA virus. It is a
member of the family Flaviviridae, genus Hepacivirus
[Choo et al., 1989]. It is estimated that less than 20%
of HCV-infected individuals spontaneously clears the
infection, while it persists in the majority of patients,
evolving to chronic hepatitis and to end-stage liver
disease requiring liver transplantation [Alter et al.,
1999; Lechner et al., 2000; Poynard et al., 2003]. The
host immune response, including innate and adaptive
immunity, plays a critical role in determining the
outcome of viral infection. HCV appears to be more
successful than many other viruses in evading the
protective immunity of the host [Rehermann, 2000,
2009; Rehermann and Chisari, 2000]. Nevertheless,
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little is known about the exact reasons for the failure
of the host immune system in controlling HCV infec-
tion. The failure to mount a successful immune
response is multi-factorial and includes dysfunctional
T, B, natural killer (NK), and dendritic cells (DCs)
responses. While B and T lymphocytes are the effectors
of the adaptive immunity, their development and
function are under the control of DCs [Banchereau
et al., 2000; Harrison et al., 2010; Landi et al., 2011].
DCs are the most important antigen-presenting cells,

playing a pivotal role in T-cell function and in the link
between innate and adaptive immunity [Banchereau
and Steinman, 1998; Steinman and Hemmi, 2006]. It
has been suggested that they are targets for HCV with
impaired function in patients with chronic hepatitis C
[Rehermann, 2000; Landi et al., 2011]. There are two
major DC subsets: conventional or myeloid (mDCs)
and plasmacytoid DCs (pDCs). Human mDCs and
pDCs differ markedly in their ability to capture,
process, and present antigens; express co-stimulatory
molecules; and produce cytokines [Barchet et al.,
2005]. mDCs are more efficient in priming T cell
responses, while pDCs are the most potent releasers of
type I interferon (IFN-a/b) upon viral infection [Wu
and Liu, 2007; Reizis et al., 2011].
Studies demonstrated a decreased frequency of DCs

in the peripheral blood and functional defects of
monocyte-derived DCs from patients with chronic
hepatitis C in comparison with healthy controls [Kanto
et al., 1999; Auffermann-Gretzinger et al., 2001; Bain
et al., 2001; Kanto et al., 2004; Della Bella et al.,
2007]. In contrast, other studies reported increased or
preserved frequency of DCs in patients with chronic
hepatitis C [Sun et al., 2001; Longman et al., 2004,
2005; Piccioli et al., 2005; Barnes et al., 2008].
Despite extensive investigation, there is no general

consensus regarding the effects of HCV on DC
functions. The aim of this study was to determine the
frequency and phenotype of mDCs and pDCs in a
cohort of individuals who developed persistent HCV
infection or spontaneous viral clearance.

MATERIALS AND METHODS

Study Subjects

Volunteers were recruited at the University of São
Paulo. Written informed consent approved by the
Institutional Review Board was obtained from all
volunteers, according to the Brazilian Ministry of
Health Guidelines. A total of 90 subjects were
enrolled in this study, including 30 individuals with
spontaneous viral clearance, 30 individuals with
chronic hepatitis C infection, and 30 HCV-seronega-
tive uninfected subjects used as a reference popula-
tion (controls). Sex and age of all individuals were
matched. None of the patients had received antiviral
therapy before enrollment. All individuals were test-
ed negative for human immunodeficiency virus and
hepatitis B virus serological markers.

HCV RNA Testing and Quantification

Anti-HCV antibodies were assayed by a third-
generation enzyme-linked immunosorbent assay
(HCV 2.0 EIA, Abbott Laboratories, Abbott Park, IL).
Reactive samples were confirmed using a supplemen-
tal recombinant immunoblot assay (RIBA 3.0; Chiron
Corporation, Emeryville, CA). HCV RNA was de-
tected by polymerase chain reaction (Cobas Amplicor
and Amplicor HCV Monitor v2.0; Roche Diagnostics,
Branchburg, NJ). HCV genotype was determined
using the Innogenetics Line Probe assay (INNO-LiPA
HCV II, Innogenetics, Siemens Healthcare Diagnos-
tics, Deerfield, IL).

Cell Isolation From Peripheral Blood

Peripheral blood mononuclear cells (PBMCs) were
isolated from whole blood by centrifugation in Ficoll
gradient (GE Healthcare Bio-Sciences, Piscataway,
NJ) and aliquots of 107 cells/mL were cryopreserved
in liquid nitrogen in 10% Dimethyl Sulfoxide (Sigma-
Aldrich, St. Louis, MO) and 90% fetal bovine
serum (FBS) (Gibco Life Technologies, Carlsbad, CA)
until use.

Flow Cytometry Assay

The phenotype and frequency of DC subsets were
determined by staining 1 million thawed PBMCs.
After thawing, cells were centrifuged at 1,500 rpm
for 5 min and transferred into 96 V bottom well
plates (Nunc, Thermo Fisher Scientific, Waltham,
MA) in 100 mL of staining buffer (phosphate buffered
saline—PBS [Gibco Life Technologies] supplemented
with 0.1% sodium azide [Sigma-Aldrich], and 1% FBS
[Gibco], pH 7.4–7.6) with the surface monoclonal
antibodies. Cells were incubated at 4˚C in darkness
for 30 min, washed twice, and re-suspended in
100 mL of fixation buffer (1% paraformaldehyde [Pol-
ysciences, Warrington, PA] in PBS, pH 7.4–7.6).
For staining DCs, the following fluorochrome-la-

beled antibodies were used: allophycocyanin-Cy7
(APC-Cy7)-conjugated anti-HLA-DR, fluorescein iso-
thiocyanate (FITC)-conjugated Lineage Cocktail 1
(Lin1: CD3, CD14, CD16, CD19, CD20, CD56), allo-
phycocyanin (APC)-conjugated anti-CD11c, phycoery-
thrin (PE)-conjugated anti-CD123, peridinin-
chlorophyll-protein complex (PerCP Cy 5.5)-conjugat-
ed anti-CD86. All antibodies were purchase from BD
Biosciences (San Jose, CA).
Fluorescence minus one (FMO) sample was pre-

pared for fluorochrome conjugated with anti-CD86 to
gate strategy [Roederer, 2001]. Cellular viability was
determined using the LIVE/DEAD fixable aqua dead
stain (Molecular Probes Life Technologies).
All the samples were fixed with 1% paraformalde-

hyde in PBS and acquired on a BD LSR-Fortessa
flow cytometer using FACS diva software and then
analyzed with Flow Jo software version 9.4 (Tree
Star, Ashland, OR). Fluorescence voltages were
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determined using matched unstained cells. Compen-
sation was carried out with CompBeads (BD Bio-
sciences) single-stained FITC, PE, PerCP Cy5.5,
APC, and APC-Cy7.

Statistical Analysis

Statistical analysis was performed using GraphPad
Prism Version 5.04 for Windows (GraphPad Software,
La Jolla, CA). The non-parametric Kruskal–Wallis
test was used to compare phenotype frequencies
differences among individuals groups when more
than two groups were involved. Pearson’s test was
used for correlation analysis. A P-value <0.05 was
considered significant.

RESULTS

Subjects Characteristics

Demographic and clinical features of the studied
subjects are summarized in Table I. All of those with
chronic infection were infected with HCV genotype 1.
As expected, individuals with chronic infection had
alanine aminotransferase, aspartate aminotransfer-
ase, and gamma glutamyl transferase levels signifi-
cantly higher than the other groups (P < 0.0001).
ALT levels and HCV viral load were not correlated

(data not shown). The protective rs12979860 CC
IL28B genotype was more frequent in individuals
who resolved spontaneously HCV infection and CT
genotype in chronically infected individuals.

The Frequency of DCs in Peripheral Blood

DCs were identified as mononuclear cells that
lacked Lin1 cell markers (Fig. 1), but expressed
human leukocyte antigen (HLA-DR). There was no
significant difference in the DCs frequency between
the three groups (P ¼ 0.9478). The frequencies of
mDCs and pDCs in these groups did not show either
statistically significant differences (P ¼ 0.9324 and
P ¼ 0.5681, respectively) (Fig. 2A–C).

Expression of CD86 by DCs Subsets

The frequency of mDCs and pDCs expressing CD86
was analyzed (Fig. 3A). There was no significant
difference in the frequency of CD86þ pDCs between
the three groups of subjects (data not shown). Howev-
er, a significant increase was observed in the frequen-
cy of CD86þ mDCs in chronic individuals when
compared to healthy controls (Fig. 3B). In addition, a
positive correlation (r ¼ 0.4121) between HCV viral
load and frequency of CD86þ mDC was observed,

TABLE I. Demographic and Clinical Features of Studied Subjects

Spontaneous clearance Chronic infection Healthy control

Number 30 30 30
Age (years) 49 (41–58.25) 47.50 (34.5–53.25) 46 (35.5–52.25)
Female (%) 70 63.3 70

Laboratory findings
ALT (U/L) 20.5 (14.75–28.0) 50.0 (34.75–63.5)�� 18.5 (15.75–57.0)
AST (U/L) 21.0 (19.5–24.0) 40.0 (29.0–53.75)�� 20.0 (16.25–24.0)
GGT (U/L) 26.5 (17.75–36.0) 51.5 (28.75–78.5)� 20.0 (15.5–30.0)

IL28B genotype (rs12979860)
%; TT/CT; CC 37; 63 67; 33 53; 47

HCV genotype ND 1 NA
HCV RNA (log10 UI/mL) NA 6.02 (5.68–6.81) NA

Data are represented as median (25th–75th), number or percentages.
NA, not applicable; ND, not determined; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl
transferase.
�P < 0.001.
��P < 0.0001.

Fig. 1. Representative gating strategy to identify the dendritic cells (DCs) in peripheral blood.
A: Selection of singlet cells. B: Lymphocytes and monocytes were gated based on forward scatter
(FSC) and side scatter (SSC). C: Selection of live cells. D: DCs were identified gating HLA-DRþ
cells and excluding Lin 1þ cells. E: Plasmacytoid cells (pDC) and myeloid dendritic cells (mDC)
were distinguished based on CD123 and CD11c expression, respectively.
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suggesting no impairment of mDC maturation in
HCV chronic individuals. Interestingly, two among
the three individuals with viral load lower than
105 UI/mL had less than 20% mDC expressing
CD86þ (Fig. 3C).

DISCUSSION

The aim of this study was to determine the
frequency and phenotype of DCs subsets in a cohort

of HCV-infected individuals who evolved to persistent
infection or spontaneous clearance comparing to
uninfected individuals. In the present study, HCV
did not show an inhibitory effect on mDC maturation
and HCV viremia led to an increase of CD86 expres-
sion by mDC in chronically infected individuals.
DCs are key regulators of the immune system;

these cells act like a bridge between the innate and
adaptive immune systems and play an irreplaceable
role in immune defense against viral infections.
Despite extensive investigation, there is not a general
consensus regarding the effects of HCV on DC.
In patients with chronic HCV infection, some

studies supported the initial observation of a DC
defect [Bain et al., 2001; Kanto et al., 2004], while
others clearly demonstrated intact DC function
[Barnes et al., 2008; Pachiadakis et al., 2009]. Ryan
and O’Farrelly [2011] reviewed the studies of the
effect of HCV on DC function and they summarized
the main findings about peripheral blood DCs ob-
tained from patients with chronic HCV infection.
Their conclusion was that no clear functional defect
was found in all patients.
In the current study, no difference was observed on

frequency of DCs subsets circulating in individuals
chronically infected with HCV when compared to
uninfected subjects and those who naturally clear
HCV. It is noteworthy that the cohort was matched
for age and sex, and the chronic infected patients
were always exposed to the HCV genotype 1.
DCs are specialized antigen presenting cells that

need to be activated in order to efficiently stimulate
naı̈ve T cells and induce their differentiation [Maz-
zoni and Segal, 2004; Steinman and Hemmi, 2006].
Maturation of DCs is essential for the stimulation
of naı̈ve T lymphocytes as well as the ignition of
adaptive immune responses. It has long been known
that up-regulation of the co-stimulatory molecules,
such as CD86, is a crucial step in DC maturation
[Larsen et al., 1994].
In this study, circulating pDCs exhibited an imma-

ture phenotype characterized by low expression of
CD86. On the other hand, mDCs from HCV chronic
infected individuals expressed higher levels of CD86
than those from healthy subjects. Furthermore, HCV
viremia drives the increase of CD86 expression by
mDC. These observations suggest that HCV did not
have an inhibitory effect on mDC maturation. The
regulation of DCs maturation and migration lies at
the level of intracellular signaling. HCV can activate
or block intracellular signaling pathways and alter
DC function [Pachiadakis et al., 2005; Pachiadakis
et al., 2009; Jo et al., 2011]. Imbalance of DC function
by the virus represents a mechanism of evasion of
the immune system.
pDCs are specialized in the production of large

amounts of type I interferon (IFN-a and IFN-b)
and lower of type III IFN (IFN-l) upon virus
infection [Kanto et al., 2004]. In particular, IFN-l
may play a pivotal role in the antiviral response

Fig. 2. Comparison of frequency of DCs in peripheral blood
between the three groups. A: The frequency of total DCs in the
peripheral blood of individuals with spontaneous clearance of
HCV and in patients with chronic hepatitis C was similar to
the DCs frequency in healthy controls. No significant difference
was either observed in the frequency of mDCs (B) and pDCs (C)
in the three groups.
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against HCV and, polymorphisms close to the IL-28B
gene (rs12979860) have been linked to the outcome
of HCV infection during spontaneous and treatment
induced viral elimination [Ge et al., 2009; Suppiah
et al., 2009; Thomas et al., 2009; Rauch et al., 2010].
However, the mechanisms to explain how polymor-
phisms in the region of the IFN-l genes affect
antiviral host responses remain elusive. The CC
genotype was revealed to be an important factor
for spontaneous clearance of HCV. In the present
study, a higher frequency of CC genotype was
observed between the individuals with spontaneous
viral clearance compared to the chronically infected
but this difference was not statistically significant,
probably due to the small number of individuals
analyzed.
In conclusion, the present study suggests that DCs

maturation is impaired in patients with chronic HCV
infection despite the fact that HCV viremia appears
to exert a “stimulatory” effect on cell-surface immune
phenotype. Further advances in understanding of the
role of host factors in the pathogenesis of the hepati-
tis C are key elements in finding new therapies that
may help to develop evidence-based patient manage-
ment strategies.

ACKNOWLEDGMENT

We thank each individual included in this study.

REFERENCES

Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F,
Moyer LA, Kaslow RA, Margolis HS. 1999. The prevalence of
hepatitis C virus infection in the United States, 1988 through
1994. N Engl J Med 341:556–562.

Auffermann-Gretzinger S, Keeffe EB, Levy S. 2001. Impaired
dendritic cell maturation in patients with chronic, but not
resolved, hepatitis C virus infection. Blood 97:3171–3176.

Bain C, Fatmi A, Zoulim F, Zarski JP, Trepo C, Inchauspe G. 2001.
Impaired allostimulatory function of dendritic cells in chronic
hepatitis C infection. Gastroenterology 120:512–524.

Banchereau J, Steinman RM. 1998. Dendritic cells and the control
of immunity. Nature 392:245–252.

Banchereau J, Briere F, Caux C, Davoust J, Lebecque S, Liu YJ,
Pulendran B, Palucka K. 2000. Immunobiology of dendritic cells.
Annu Rev Immunol 18:767–811.

Barchet W, Cella M, Colonna M. 2005. Plasmacytoid dendritic
cells–virus experts of innate immunity. Semin Immunol 17:253–
261.

Barnes E, Salio M, Cerundolo V, Francesco L, Pardoll D, Klener-
man P, Cox A. 2008. Monocyte derived dendritic cells retain
their functional capacity in patients following infection with
hepatitis C virus. J Viral Hepat 15:219–228.

Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton
M. 1989. Isolation of a cDNA clone derived from a blood-borne
non-A, non-B viral hepatitis genome. Science 244:359–362.

Fig. 3. Comparison of frequency of mDCs expressing maturation marker (CD86) in peripheral
blood between the three groups. A: The CD86 expression by pDC and mDC were analyzed using
fluorescence minus one (FMO) for gate strategy. B: The frequency of CD86þ mDCs in the
peripheral blood was higher in individuals with chronic hepatitis C than in individuals with
spontaneous viral clearance and healthy controls. C: The CD86þ mDCs frequency in individuals
with chronic hepatitis C was positively correlated (r ¼ 0.4121) with HCV viral load.

J. Med. Virol. DOI 10.1002/jmv

CD86þ mDCs in HCV Infection 1923



Della Bella S, Crosignani A, Riva A, Presicce P, Benetti A, Longhi
R, Podda M, Villa ML. 2007. Decrease and dysfunction of
dendritic cells correlate with impaired hepatitis C virus-specific
CD4þ T-cell proliferation in patients with hepatitis C virus
infection. Immunology 121:283–292.

Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ,
Heinzen EL, Qiu P, Bertelsen AH, Muir AJ, Sulkowski M,
McHutchison JG, Goldstein DB. 2009. Genetic variation in
IL28B predicts hepatitis C treatment-induced viral clearance.
Nature 461:399–401.

Harrison RJ, Ettorre A, Little AM, Khakoo SI. 2010. Association of
NKG2A with treatment for chronic hepatitis C virus infection.
Clin Exp Immunol 161:306–314.

Jo J, Lohmann V, Bartenschlager R, Thimme R. 2011. Experimen-
tal models to study the immunobiology of hepatitis C virus.
J Gen Virol 92:477–493.

Kanto T, Hayashi N, Takehara T, Tatsumi T, Kuzushita N, Ito A,
Sasaki Y, Kasahara A, Hori M. 1999. Impaired allostimulatory
capacity of peripheral blood dendritic cells recovered from
hepatitis C virus-infected individuals. J Immunol 162:5584–
5591.

Kanto T, Inoue M, Miyatake H, Sato A, Sakakibara M, Yakushijin
T, Oki C, Itose I, Hiramatsu N, Takehara T, Kasahara A,
Hayashi N. 2004. Reduced numbers and impaired ability of
myeloid and plasmacytoid dendritic cells to polarize T helper
cells in chronic hepatitis C virus infection. J Infect Dis 190:
1919–1926.

Landi A, Yu H, Babiuk LA, van Drunen Littel-van den Hurk S.
2011. Human dendritic cells expressing hepatitis C virus core
protein display transcriptional and functional changes consistent
with maturation. J Viral Hepat 18:700–713.

Larsen CP, Ritchie SC, Hendrix R, Linsley PS, Hathcock KS, Hodes
RJ, Lowry RP, Pearson TC. 1994. Regulation of immunostimula-
tory function and costimulatory molecule (B7-1 and B7-2)
expression on murine dendritic cells. J Immunol 152:5208–
5219.

Lechner F, Wong DK, Dunbar PR, Chapman R, Chung RT,
Dohrenwend P, Robbins G, Phillips R, Klenerman P, Walker
BD. 2000. Analysis of successful immune responses in persons
infected with hepatitis C virus. J Exp Med 191:1499–1512.

Longman RS, Talal AH, Jacobson IM, Albert ML, Rice CM. 2004.
Presence of functional dendritic cells in patients chronically
infected with hepatitis C virus. Blood 103:1026–1029.

Longman RS, Talal AH, Jacobson IM, Rice CM, Albert ML. 2005.
Normal functional capacity in circulating myeloid and plasmacy-
toid dendritic cells in patients with chronic hepatitis C. J Infect
Dis 192:497–503.

Mazzoni A, Segal DM. 2004. Controlling the Toll road to dendritic
cell polarization. J Leukoc Biol 75:721–730.

Pachiadakis I, Pollara G, Chain BM, Naoumov NV. 2005. Is
hepatitis C virus infection of dendritic cells a mechanism
facilitating viral persistence? Lancet Infect Dis 5:296–304.

Pachiadakis I, Chokshi S, Cooksley H, Farmakiotis D, Sarrazin C,
Zeuzem S, Michalak TI, Naoumov NV. 2009. Early viraemia

clearance during antiviral therapy of chronic hepatitis C im-
proves dendritic cell functions. Clin Immunol 131:415–425.

Piccioli D, Tavarini S, Nuti S, Colombatto P, Brunetto M, Bonino F,
Ciccorossi P, Zorat F, Pozzato G, Comar C, Abrignani S, Wack
A. 2005. Comparable functions of plasmacytoid and monocyte-
derived dendritic cells in chronic hepatitis C patients and
healthy donors. J Hepatol 42:61–67.

Poynard T, Yuen MF, Ratziu V, Lai CL. 2003. Viral hepatitis C.
Lancet 362:2095–2100.

Rauch A, Kutalik Z, Descombes P, Cai T, Di Iulio J, Mueller T,
Bochud M, Battegay M, Bernasconi E, Borovicka J, Colombo S,
Cerny A, Dufour JF, Furrer H, Gunthard HF, Heim M, Hirschel
B, Malinverni R, Moradpour D, Mullhaupt B, Witteck A,
Beckmann JS, Berg T, Bergmann S, Negro F, Telenti A, Bochud
PY. 2010. Genetic variation in IL28B is associated with chronic
hepatitis C and treatment failure: a genome-wide association
study. Gastroenterology 138:1338–1345.

Rehermann B. 2000. Interaction between the hepatitis C virus and
the immune system. Semin Liver Dis 20:127–141.

Rehermann B. 2009. Hepatitis C virus versus innate and adaptive
immune responses: a tale of coevolution and coexistence. J Clin
Invest 119:1745–1754.

Rehermann B, Chisari FV. 2000. Cell mediated immune response to
the hepatitis C virus. Curr Top Microbiol Immunol 242:299–
325.

Reizis B, Colonna M, Trinchieri G, Barrat F, Gilliet M. 2011.
Plasmacytoid dendritic cells: one-trick ponies or workhorses of
the immune system? Nat Rev Immunol 11:558–565.

Roederer M. 2001. Spectral compensation for flow cytometry:
visualization artifacts, limitations, and caveats. Cytometry 45:
194–205.

Ryan EJ, O’Farrelly C. 2011. The affect of chronic hepatitis C
infection on dendritic cell function: a summary of the experimen-
tal evidence. J Viral Hepat 18:601–607.

Steinman RM, Hemmi H. 2006. Dendritic cells: translating
innate to adaptive immunity. Curr Top Microbiol Immunol 311:
17–58.

Sun J, Bodola F, Fan X, Irshad H, Soong L, Lemon SM, Chan TS.
2001. Hepatitis C virus core and envelope proteins do not
suppress the host’s ability to clear a hepatic viral infection.
J Virol 75:11992–11998.

Suppiah V, Moldovan M, Ahlenstiel G, Berg T, Weltman M, Abate
ML, Bassendine M, Spengler U, Dore GJ, Powell E, Riordan S,
Sheridan D, Smedile A, Fragomeli V, Muller T, Bahlo M,
Stewart GJ, Booth DR, George J. 2009. IL28B is associated with
response to chronic hepatitis C interferon-alpha and ribavirin
therapy. Nat Genet 41:1100–1104.

Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O’Huigin C, Kidd J,
Kidd K, Khakoo SI, Alexander G, Goedert JJ, Kirk GD, Donfield
SM, Rosen HR, Tobler LH, Busch MP, McHutchison JG, Gold-
stein DB, Carrington M. 2009. Genetic variation in IL28B and
spontaneous clearance of hepatitis C virus. Nature 461:798–801.

Wu L, Liu YJ. 2007. Development of dendritic-cell lineages.
Immunity 26:741–750.

J. Med. Virol. DOI 10.1002/jmv

1924 Malta et al.


