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Hepatitis C virions subvert natural killer cell activation to generate
a cytokine environment permissive for infection
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Background & Aims: Hepatitis C virus (HCV) is remarkably suc-
cessful in establishing persistent infections due to its ability to
evade host immune responses through a combination of mecha-
nisms including modulation of interferon (IFN) signalling in
infected cells, interference with effector cell function of the
immune system and continual viral genetic variation. We have
previously demonstrated that natural killer (NK) cells can be
inhibited in vitro by recombinant HCV glycoprotein E2 via
cross-linking of CD81, a cellular co-receptor for the virus.
Methods: Taking advantage of the recently established tissue-
culture system for HCV, we have studied the effects of CD81
engagement by the HCV envelope glycoprotein E2 when the pro-
tein is part of complete, infectious viral particles. Specifically, we
asked whether exposure to HCV viral particles (HCVcc) affects
activation of NK cells and whether altered NK cell activation, in
turn, impacts on HCV infectivity.
Results: We found that immobilized HCVcc, unlike soluble
HCVcc, inhibited IFN-c production by interleukin (IL)-12 acti-
vated NK cells, and that this effect was mediated by engagement
of cellular CD81 by HCV-virion displayed E2. In contrast, NK-pro-
duction of IL-8 was increased in the presence of HCV. The cyto-
kines produced by IL-12 activated NK cells strongly reduced the
establishment of productive HCV infection. Importantly, NK-cell
derived cytokines secreted in the presence of HCVcc showed a
diminished antiviral effect that correlated with IFN-c reduction,
while IL-8 concentrations had no impact on HCV infectivity.
Conclusions: Exposure to HCVcc modulates the pattern of cyto-
kines produced by NK cells, leading to reduced antiviral activity.
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Introduction

The hepatitis C virus (HCV) is one of the most common causes of
liver disease. HCV typically causes persistent infections by under-
mining virus-specific immunity while leaving intact the host
defences to other infectious agents. To achieve this, HCV has
evolved complex escape strategies to evade and antagonize the
host responses to infection [1]. The antiviral response of the
infected organism can be roughly dissected into three levels, first
the intracellular antiviral mechanisms in infected cells, second
the innate immune response activated by local injury and trigger-
ing off the third level, the adaptive immune response. During
acute and chronic infection, HCV induces a potent type I inter-
feron response in the liver [2–4], even though the virus appears
to be resistant to the effects of this antiviral pathway. Several
HCV proteins have been shown to disrupt the interferon-signal-
ling cascade. The NS3/4A protease cleaves the toll-like receptor
3 adaptor protein TRIF as well as IPS-1/MAVS/VISA/Cardif,
directly disturbing the phosphorylation and effector action of
the transcriptional factor IRF-3 on IFN gene transcription [5,6].
Two other viral proteins, E2 and NS5A, counteract the transla-
tional-suppressive activity of IFN that is mediated by the
dsRNA-dependent protein kinase PKR by directly binding to
PKR and inhibiting its catalytic activity [7,8].

Moreover, NS5A acts as an IFN antagonist, conferring a general
attenuation of IFN-sensitive-gene (ISG) expression and function
[9]. This effect is partially explained by NS5A ability to transacti-
vate the IL-8 promoter [10], thus inducing IL-8 production and
secretion in HCV infected cells. IL-8 has been shown to antago-
nize in vitro the antiviral action of IFN-a by attenuating ISG
expression [10,11] and to exert a positive effect on HCV replica-
tion in stable replicon cell lines [12]. Moreover, IL-8 levels are ele-
vated in sera of patients with chronic hepatitis C [13].

While escape strategies to the first and third levels are widely
studied, less is known about the effects of HCV infection on
innate immune responses. Since the quality and efficiency of
adaptive immunity, and hence resolution of and protection from
infection, directly depend on the input and direction coming from
the innate immune response, detailed analysis of early events in
the immune response to HCV is crucial.

NK cells represent a major component of early innate immune
responses to viruses due to their ability to lyse infected cells and
to rapidly produce cytokines that directly inhibit viral replication
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and participate in the recruitment and activation of cells of the
adaptive immune system. Under normal conditions, activation
of NK cells is controlled by dominant inhibitory signals mediated
by recognition of self-MHC class I molecules. This tolerant state
can be abrogated during infection or stress, when loss of MHC
class I or up-regulation of ligands for activating receptors on tar-
get cells can tip the balance towards activation. Moreover, opti-
mal NK-cell responses to pathogens require the presence of
accessory cells [14] to provide both contact-dependent and solu-
ble signals, such as IL-12 and type I IFNs, key inducers of IFN-c
secretion and cytotoxicity, respectively. The importance of highly
functional NK cells in protection against HCV infection was high-
lighted in a study showing that composite KIR/HLA haplotypes
that predict strong NK cell activation associate with better HCV
clearance [15]. Two previous reports demonstrated that natural
killer cells of healthy individuals are inhibited in vitro by the
HCV glycoprotein E2 via cross-linking of the tetraspanin CD81,
a cellular co-receptor for the virus [16,17]. The original observa-
tions were obtained using high concentrations of truncated,
plate-bound HCV-E2, for the unavailability at the time of a robust
in vitro HCV culture system. Recently, a tissue-culture system for
HCV has been developed [18–20], allowing for the study of the
effects of CD81 engagement by intact viral particles. Using such
virions in solution, it was recently shown that NK cell functions
are unaffected and it was suggested that the E2 configuration
on the virion may not allow for effective interaction with CD81
on NK cells [21]. Here, we asked whether exposure to HCV viral
particles (HCVcc), either soluble or immobilized, affected NK cell
activation and whether modulation of NK cell activity could be of
physiological relevance for the establishment of HCV infection.
We focused on two NK cell produced cytokines: IFN-c and IL-8.
IFN-c has a direct antiviral role and a non-redundant immuno-
modulatory function in the establishment of adaptive immune
responses. In addition, IFN-c has been shown to inhibit the repli-
cation of an HCV replicon in Huh-7 cells [22]. IL-8 has potent pro-
inflammatory activity but has also been described as a pro-viral
cytokine [11].

We demonstrate that CD81 cross-linking by immobilized anti-
CD81 mAb or HCVcc inhibits IL-12-induced IFN-c production,
while augmenting IL-8 production. This indicates that the config-
uration of E2 on the virion surface can engage cellular CD81 with
functional consequences. We subsequently tested whether this
altered pattern of cytokines would interfere with HCV infectivity.
Our data demonstrate that conditioned supernatants from IL-12
activated NK cells strongly suppress HCV infectivity and that this
effect is attributable to the presence of IFN-c. Engagement of NK
cells by HCVcc significantly reduced the amount of IFN-c pro-
duced and thereby reduced the antiviral activity of NK cells,
while changes in IL-8 production have no direct impact on HCV
infectivity. In conclusion, HCV virions are able to subvert NK cell
function and counteract the antiviral functions of these cells.
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Fig. 1. Soluble infectious HCV particles neither induce IFN-c production nor
block IL-12 induced IFN-c secretion by NK cells. (A) NK cells from bulk cultures
were exposed to plate-bound anti-CD81 (10 mg/ml), to soluble (s) or plate-bound
(B) HCVcc, or to IL-12 (10 ng/ml). After 24 h, supernatants were collected and
analyzed by ELISA for IFN-c production. (B) Histograms show the effects of IL-12
(10 ng/ml) alone, IL-12 plus plate-bound anti-CD81 and IL-12 plus soluble HCVcc
on the production of IFN-c by NK cells. These data represent the means ± stan-
dard deviation of four replicates. IFN, interferon; HCVcc, cell culture-derived HCV
particles; IL-12, interleukin 12; NK, natural killer.
Materials and methods

Antibodies and reagents

Anti-CD81 mAb: JS-81 (BD) and MG-81 [23]. The neutralizing anti-human IL-8/
CXCL8 mAb (clone 6217, R&D Systems); the anti-IFN-c mAbs B133.1 and
B133.5 for ELISA, B133.3 for blocking experiments (generously provided by Dr.
G. Trinchieri). Recombinant human IL-12, recombinant human IFN-c, recombi-
nant human IL-8, recombinant human IFN-a and the DouSet ELISA kit for human
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IL-8 were from R&D Systems; recombinant human IL-2 and the anti-core mAb
3G1-1 (Chiron/Novartis), recombinant purified HCV-E2 [24]; fluorochrome-con-
jugated secondary antibodies (Alexa Fluor�, Invitrogen).

Cell preparation and cultures

PBMCs were prepared from peripheral blood by Ficoll-Paque density gradient
centrifugation.

NK cell bulk cultures were prepared as described [25]. On day 8 of the culture,
cells were collected, and NK cells purified by depletion of the magnetically
labeled CD3+/CD19+/CD14+ cells using MACS Separation Columns (Miltenyi Bio-
tech, Gladbach, Germany) (>98% CD56+/CD3�/CD19�/CD14�). Freshly isolated,
untouched NK cells were isolated from PBMCs by the NK Cell Isolation Kit (Milt-
enyi Biotech). The purity of isolated CD56+/CD3�/CD19�/CD14� NK cells was
>90%, as assessed by flow cytometry.

Antibody coating and cell stimulation

96-Well plates (Greiner) were coated with Abs as previously described [26]. For
HCVcc coating, 104–105 TCID50/well, either infectious or b-propiolactone-inacti-
vated, were bound overnight at 4 �C. After washing with PBS, either PBMCs or
bulk or freshly isolated NK cells (106/ml) were added in complete medium plus
IL-2 (10 U/ml). Human IL-12 (10 ng/ml) was added when indicated. For blocking
experiments, NK cells were pre-treated with recombinant E2 (5 lg/ml), or the
anti-CD81 mAbs JS-81 or MG-81 (5 lg/ml) for 30 min at 37 �C before plating.
0 vol. 52 j 183–190
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Cytokine production assays

NK cells were cultured in 96-well plates for 24 h and supernatants analyzed by
ELISA for IFN-c and IL-8. Samples from freshly purified NK cells were tested using
multiplex-plates from Meso Scale Discovery (Gaithersburg, MD), according to the
manufacturer’s protocol.

Production of HCVcc

HCVcc production was obtained in S6.1 cells [27], after electroporation with
in vitro transcribed HCV RNA as previously described [28]. Supernatants were
harvested, cleared from cellular debris by filtration (0.45 lm) and concentrated
by ultracentrifugation. TCID50 (median tissue culture infective dose) was deter-
mined on Huh-7 cells by 10-fold serial dilutions, done in eight replicas, according
to the Spearman and Kaerber fit.
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Fig. 2. CD81 cross-linking by virion-displayed HCV-E2 is responsible for HCVcc-media
by IL-12 (10 ng/ml) alone or in the presence of plate-bound anti-CD81 mAb or HCVcc. A
means ± standard deviation of four replicates. (B) The effect of plate-bound anti-CD81 or H
was determined as in (A). Each symbol indicates a different donor (*p value < 0.0007, **p v
CD19�/CD14� NK cells freshly isolated from PBMCs were stimulated as indicated for 24
stimulated as indicated in the presence of Brefeldin A for 4 h and then stained for CD3, CD
with soluble, recombinant E2 (10 lg/ml), a neutralizing anti-CD81 mAb (JS-81, 10 lg/ml)
IL-12 alone or in the presence of plate-bound HCVcc. After 24 h supernatants were collec
replicates and were reconfirmed in two additional experiments. IFN, interferon; HCVcc,
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HCVcc infection

Huh-7 cells grown in 96-well plates (10,000/well) were pre-treated with diluted
(1:4) supernatants from NK cells for 1 h and then infected with HCVcc, 100
TCID50/well. At 72 h post-infection, Huh-7 cells were fixed, permeabilized and
processed for immunofluorescent detection of the HCV-core protein, using the
anti-core mAb 3G1-1 and fluorochrome-conjugated secondary antibodies. Infec-
tion was determined by enumerating HCV-core positive foci under a fluorescence
microscope.

Statistical analysis

Statistical analyses were performed with a two-tailed paired Student t test. Two-
sided p value of less than 0.05 was considered significant.
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Fig. 3. Supernatants from NK cells influence the ability of HCVcc to infect
Huh-7 cells. (A and B) Diluted supernatants from bulk NK cells stimulated as
indicated were used to treat Huh-7 cells 1 h before and during HCVcc infection
(100 TCID50 units/sample). The number of HCV-core positive foci was determined
72 h post-infection by immunofluorescence. Data represent the means ± standard
deviation of four replicates. (C) Bulk NK cells from nine different donors were
stimulated as indicated. Supernatants were then tested for their ability to inhibit
HCVcc infectivity as in (A) (*p value < 9 � 10�6, **p value < 3 � 10�7, as deter-
mined by two-tailed, paired Student t test). NK, natural killer; HCVcc, cell culture-
derived HCV particles; IL-12, interleukin 12.
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Results

Exposure to HCV modulates NK cell functions

We showed previously [16], that CD81 engagement by anti-CD81
mAb or recombinant HCV-E2 did not have by itself any effect on
NK cell functions. Similarly, both freshly isolated peripheral blood
NK cells (not shown) or NK cells purified from bulk cultures, were
not induced to secrete IFN-c after exposure to either soluble or
plate-bound HCVcc (Fig. 1A). In agreement with previous reports
[29], we did not find any evidence of infection and sustained
HCVcc replication in NK cells, as assessed by flow cytometry
(not shown). Since IL-12 has been described as the pivotal medi-
ator of NK-cell responses to many pathogens, including MCMV
and influenza [30–32], we tested whether infectious HCVcc par-
ticles in solution could modulate the functions of IL-12 activated
NK cells. As shown in Fig. 1B, while plate-bound anti-CD81 inhib-
ited IL-12 mediated IFN-c secretion, soluble HCVcc did not cause
any significant reduction in the amount of secreted cytokine, in
agreement with a recent study [21]. However, when HCVcc par-
ticles were immobilized on culture plates at a ratio of 0.05–0.5
TCID50 unit/cell (104–105 TCID50 units/2 � 105 cells), they
induced a significant reduction in the amount of IFN-c produced
by IL-12 stimulated NK cells, comparable to the effect of plate-
bound anti-CD81 mAb (Fig. 2A), and consistently in all donors
tested (Fig. 2B). The b-propiolactone-inactivated viral particles
had the same effect on IFN-c production while isotype-matched
control antibody or supernatants from cells transfected with a
subgenomic replicon had no effect on NK cell functions (not
shown). A similar reduction in IFN-c production was obtained
when freshly purified CD56+/CD3�/CD19�/CD14� cells (Fig. 2C)
or total PBMCs (Fig. 2D) were stimulated by IL-12 in the presence
of plate-bound HCVcc.

To verify whether HCVcc-mediated inhibition of IFN-c pro-
duction was due to CD81 cross-linking by virion-displayed
HCV-E2, we blocked these interactions by pre-treating NK cells
with soluble E2 or with anti-CD81 mAbs. We used two different
anti-CD81 mAbs, JS-81 that can neutralize HCV-E2 binding to
CD81 and the non-neutralizing MG-81 mAb [23]. Fig. 2E shows
that NK cell inhibition was prevented only by treatment of NK
cells with soluble E2 or with the neutralizing anti-CD81 mAb.
As the inhibitory effect of plate-bound HCVcc was titrated away
by soluble E2, these results indicate that the natural E2 protein
displayed on the surface of HCV virions and its soluble form have
similar configurations, and that inhibition of IFN-c production
requires engagement of CD81 on the cellular surface of NK cells
by virion-associated E2 molecules.

Modulation of NK cell function influences HCV infectivity

To test whether the observed reduction in IFN-c production
could be of physiological relevance for the establishment of
HCV infection, supernatants from bulk NK cells stimulated by
IL-12 in the presence or absence of plate-bound anti-CD81 Ab
or HCVcc were analyzed for their ability to support or counteract
HCV infection of the permissive cell line Huh-7. For this purpose,
naïve Huh-7 were pre-treated for 1 h with diluted NK cell super-
natants and then infected with 100 TCID50 units of HCVcc. The
efficiency of HCV infection was determined 72 h post-infection
by counting the number of foci that stained positive for the
HCV-core protein. Supernatants from IL-12-stimulated NK cells
186 Journal of Hepatology 201
consistently and significantly inhibited the ability of HCVcc to
establish productive infection in Huh-7 cells, compared to super-
natants derived from unstimulated NK cells. This inhibitory activ-
ity, however, was partially abrogated in supernatants derived
from NK cells that have been stimulated by IL-12 in the presence
of anti-CD81 or HCVcc particles (Fig. 3A and C). In contrast, solu-
ble HCVcc particles that do not interfere with IFN-c production
by IL-12 stimulated NK cells (Fig. 1B), did not have any effect
on HCV infectivity (Fig. 3B).
0 vol. 52 j 183–190
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These results establish an inverse correlation between the

number of HCV-core positive foci and the amount of IFN-c pro-
duced by NK cells, and thus indicate that NK cell exposure to
HCV particles negatively affects the cell ability to produce antivi-
ral mediators.

IFN-c but not IL-8 modulates HCVcc infectivity

We have previously described that CD81 cross-linking inhibits a
wide range of NK cell activities, including proliferation, cytotox-
icity and cytokine production. Remarkably, IL-8 production did
not follow this pattern and was augmented upon CD81 cross-
linking by anti-CD81 mAb or HCVcc, independently of the pres-
ence or absence of external IL-12 (Fig. 4A and B). Previous reports
have described IL-8 as a pro-viral cytokine that partially inhibits
the antiviral actions of type I IFN in vitro and exerts a positive
effect on HCV replication [11,12]. We therefore tested whether
NK-produced IL-8 influences the ability of HCVcc to infect Huh-
7 cells. To dissect the relative contribution of IFN-c and IL-8, both
present in NK-conditioned media (Fig. 5, inset), supernatants
from NK cells were pre-treated with blocking antibodies to the
two cytokines prior to use. As shown in Fig. 5 and Table 1, the
modulation of HCVcc infectivity determined by NK-conditioned
media can be totally attributed to the amount of IFN-c present,
since a neutralizing anti-IFN-c mAb completely abolished the
inhibitory effects of NK-conditioned media on virus infectivity.
In contrast, an anti-IL-8 blocking mAb did not influence the
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stimulated by IL-12 (10 ng/ml) alone or in the presence of plate-bound anti-
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absence of plate-bound anti-CD81. IL-12, interleukin 12; HCVcc, cell culture-
derived HCV particles; IFN, interferon; IL-8, interleukin 8; NK, natural killer.
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efficiency of HCV infection in the presence of NK culture
supernatants.

IL-8 does not rescue HCV infectivity upon IFN treatment

While IL-8 protein levels have been found to correlate positively
with the levels of HCV RNA replication in a series of replicon
lines, we have shown here that removal of IL-8 by blocking anti-
body did not result in inhibition of HCV infectivity. However, as
the levels of IL-8 present in NK-conditioned media were not
excessively high, we tested whether higher amounts of the cyto-
kine could influence HCV capability to establish productive infec-
tion and whether IL-8 could counteract the antiviral activity of
both type I and type II interferons. For this purpose, target
Huh-7 cells were treated with recombinant IL-8 in the presence
or absence of increasing concentrations of either IFN-c or IFN-a
and subsequently exposed to the virus. Seventy-two hours later
the number of foci that stained positive for the HCV-core protein
was determined. Our results indicate that both in the presence or
absence of interferons, IL-8 did not exert any significant effect,
either positive or negative, on the ability of HCV to establish a
productive infection (Fig. 6A–C).
Discussion

With this study, we show for the first time that infectious HCV
particles, through binding of the glycoprotein E2 to CD81 on NK
cells, are able to reduce IFN-c production by NK cells and shift
the cytokine pattern of NK cells towards a virus-permissive pro-
file. Our data are strongly suggestive of an HCV immune evasion
strategy based on modulation of NK cell antiviral activities that
may ultimately contribute to HCV chronicity.

In the course of pathogen-induced inflammation in peripheral
tissues, various chemokines and cytokines are released by resi-
dent cells, favouring extravasation of NK cells and DCs. Following
endocytic uptake of both free virus and viral components from
lysed cells, different subsets of dendritic cells are stimulated to
secrete IL-12, the most potent soluble inducer of IFN-c produc-
tion by NK cells. Here we demonstrate that upon IL-12 stimula-
tion, NK-derived IFN-c reduces HCV infectivity and that this
effect is subverted when CD81 on NK cells is engaged by HCV par-
ticles. We also checked for effects on NK cytotoxicity and found a
trend towards reduced target cell killing in the presence of
immobilized HCV. However, effects of CD81 engagement on cyto-
toxicity were more subtle than those on cytokines, in agreement
with previous reports [17,21]. It remains to be determined
whether this divergence truly reflects differential modification
of the diverse NK functions.

Our results extend what we previously described using high
concentrations of soluble, recombinant HCV-E2 and show that
even as part of intact, infectious virions, E2 is able to engage
CD81 on the NK cell surface with functional consequences.
Indeed, we could detect inhibition of NK cell function when
low amounts of HCV virions were immobilized in the cell culture
dish and not when they were directly seeded onto NK cells,
results in line with a recent publication [21] which reported no
effect of soluble HCV virions on NK cell activation.

The different effects of soluble versus plate-bound HCVcc sug-
gest that the inhibition of NK cells requires an extensive cross-
linking of CD81 on the cellular surface. It is worth noticing that,
0 vol. 52 j 183–190 187



0

50

100

150

200

250

mock IL-12 IL-12
anti-CD81 HCVcc IL-12

HCVcc

sn from NK cells

C
or

e 
po

si
tiv

e 
fo

ci

none
anti-IFN−γ
anti-IL8

mock
IL-12

IL-12

anti-C
D81

HCVcc
IL-12

HCVcc

IF
N

-γ
 (U

 /m
l)

0

40

80

120

160

200

mock
IL-12

IL-12

anti-C
D81

HCVcc
IL-12

HCVcc

IL
-8

 (p
g 

/m
l)

0

100

300

400

600

700

200

500

Fig. 5. IFN-c but not IL-8 modulates HCVcc infectivity. Bulk NK cells were treated as indicated. IFN-c and IL-8 in cell culture supernatants were measured by ELISA
(Insets). Supernatants from NK cells were used to treat Huh-7 cells for 1 h before and during HCVcc infection (100 TCID50 units/sample) alone or in the presence of 5 lg/ml
monoclonal anti-IFN-c or anti-IL-8 Abs. Seventy-two hours post-infection, the number of HCV-core positive foci was determined by immunofluorescence. Data represent
the means ± standard deviation of four replicates and are representative of three similar experiments. IFN, interferon; IL-8, interleukin 8; NK, natural killer; HCVcc, cell
culture-derived HCV particles.

Table 1. Modulation of HCVcc infectivity by NK cell conditioned supernatants
in the presence or absence of anti-IFN-c or anti-IL-8 neutralizing antibody.

Supernatants from bulk NK cells treated as indicated were used on Huh-7 cells
during HCVcc infection, alone or in the presence of 5 lg/ml monoclonal anti-IFN-
c or anti-IL-8 Abs. The number of HCV-core positive foci was determined by
immunofluorescence. Data represent the means ± standard deviation of four
different experiments. The asterisks indicate p values < 0.05 versus control (same
treatment without cytokine neutralizing antibody), as determined by two-sided,
paired Student t test: *p < 0.05, **p < 0.005.
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for technical reasons associated to virus yields, the virus-to-cell
ratio in our experiments was never higher than 1, rendering the
presence of solid support necessary to achieve enforced cross-
linking. It remains to be determined whether during disease, local
concentrations of HCV in the infected liver are high enough to
induce the effects described here. Alternatively, our experimental
setting could be representative of particular physiological niches
where HCV virions are enriched and immobilized. The hepatic
extracellular matrix or liver resident cells such as liver sinusoidal
lining cells, that express the HCV binding proteins dendritic cell-
specific (DC-SIGN) or liver/lymph node-specific (L-SIGN) intercel-
188 Journal of Hepatology 201
lular adhesion molecule-3-grabbing non-integrin [33], could rep-
resent these potential virion accumulation sites.

Previous works [17,34] demonstrated that CD81 engagement
provides a global inhibition of NK cell activities triggered by sig-
nals as diverse as CD16, NKG2A, b1-integrin and IL-12. The activ-
ities blocked include proliferation, up-regulation of CD25 and
CD69, production of TNF-a and IFN-c and cytotoxicity. Here,
we show one exception to this general phenomenon, IL-8, whose
production was increased in response to CD81 engagement.

As inhibition of IL-8 production has been shown to inhibit
chronic HCV replication in stable replicon cell lines [12], we
tested whether, upon CD81 engagement on NK cells, the sus-
tained level of IL-8 and the concomitant down-modulation of
IFN-c could be both responsible for the reduced antiviral activity
of activated NK cells.

However, we could not detect any significant effect of IL-8 on
HCV infectivity. IL-8 blocking mAbs did not influence the effects
of NK supernatants, and pre-treatment of target Huh-7 cells with
recombinant IL-8 did not render them more refractory to the
action of interferons in blocking the establishment of productive
infection.

In conclusion, our data show that cytokines produced by acti-
vated NK cells block HCV infectivity and that HCV-E2 as part of
intact, infective HCV particles is able to down-modulate IFN-c
production by NK cells through engagement with CD81. This
down-modulation of IFN-c strictly correlates with the decreased
antiviral activity of the NK cytokine mix. We suggest that in the
infected liver, either high local HCV concentrations or virus
0 vol. 52 j 183–190
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Fig. 6. IL-8 does not interfere with the antiviral action of IFN-c and IFN-a on
HCVcc infectivity. Huh-7 cells mock treated or treated with different concentra-
tions of recombinant IFN-c (A and C) or IFN-a (B and C) were infected with 100
TCID50 units, in the presence or absence of IL-8 (A and B: 40 ng/ml; C: 400 ng/ml).
Seventy-two hours post-infection the number of HCV-core positive foci was
determined by immunofluorescence. Data represent the means ± standard devi-
ation of four replicates. IFN, interferon; IL-8, interleukin 8.
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particles immobilized on cells or on the extracellular matrix have
the potential to inhibit NK cells and thereby contribute to the
establishment of chronic hepatitis C.
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