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Abstract

Background and Aims—NK cells are essential early after infection not only for viral
containment but also for timely and efficient induction of adaptive responses. An inhibitory effect
of HCV-E2 proteins on NK cells has been reported but the features of NK cell responses in the
acute phase of hepatitis C are still largely undefined. Therefore, the aim of this study was to
characterize function and phenotype of natural killer cells in the acute phase of infection and
compare individuals with chronic and self-limited outcomes.

Methods—Twenty-two individuals with acute HCV infection, 14 with chronic evolution and 8
with self-limited infection, were studied using NK phenotypic and functional assays.

Results—An increased expression of NKG2D on both CD56PM9M and CD56%M NK cells was
detected in acute HCV patients, irrespective of the outcome, as compared to healthy controls. Also
IFN-y production and cytotoxicity by NK cells were higher in individuals with acute HCV
infection than in healthy controls. Subset analysis demonstrated an increased IFN-y production in
both NK cell subsets carrying group 1 and group 2 HLA-C specific KIRs. However, increased
CD107a was noted only on NK cells expressing the group 1 HLA-C specific KIR and was
maximal in self-limited infection.
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Conclusions—Our data demonstrate that in the acute phase of HCV infection NK cells are
activated regardless of outcome with no evidence of a suppressive effect of HCV on NK cell
function.
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INTRODUCTION

Hepatitis C virus (HCV) can establish a chronic persistent infection in the vast majority of
exposed individuals and the host immune response is believed to play an important role in
determining the fate of infection. Chronic evolution of infection is associated with an
impairment of the adaptive immunity-3, which can be influenced by innate responses
because the innate immune system, in addition to its direct anti-viral activity, can also direct
downstream adaptive responses, through a number of different mechanisms?4. Among
them, the natural killer (NK) cell function is critical because NK cells are enriched in the
human liver, have cytotoxic potential, secrete cytokines including TNF-a and IFN-y and can
cross-talk with dendritic cells (DCs)®’. Therefore, they are both anti-viral effectors and also
important regulators of adaptive responses through their interplay with dendritic cells®.

NK cells are controlled by combinations of activating and inhibitory receptors® and the
integration of signals derived from these receptors can determine whether the NK cell will
become activated. These receptors include the inhibitory killer cell immunoglobulin-like
receptors (KIR), as well as the activating natural cytotoxicity receptors and NKG2D10, KIR
bind polymorphic MHC class | molecules; in particular, KIR2DL2 and KIR2DL3 bind
group 1 HLA-C alleles and the inhibitory receptor KIR2DL1 bind the group 2 HLA-C
alleles!®. Of relevance to HCV infection is that a specific combination of inhibitory KIR and
its MHC class I ligand (KIR2DL3 and HLA-C group 1) is protective against chronic HCV
infection1213, In addition, HLA-C can impact on the maturation of NK cells, because during
development NK cells are required to interact with a cognate MHC class I ligand in order to
become fully functionall4. Thus, the presence or absence of a cognate HLA-C ligand can
influence the cytokine response of a KIR-expressing NK cells, and hence the anti-viral
immune response.

Cross sectional studies have indicated that NK cells are perturbed in chronic HCV infection.
There may be a decrease in the number of circulating NK cells and skewing of NK cell
subset distribution towards increased numbers of the cytokine producing CD56Pright
population, relative to the cytotoxic CD56%™ sub-population!®16. This may be due to a
defect in IL-15 production!’, but may also be consistent with chronic stimulation by IFN-
a8, Furthermore, natural cytotoxicity receptor and NKG2D expression may be abnormal
and cytokine production by NK cells in chronic HCV is skewed towards production of the
Th2 type cytokine IL-10, with impairment of IFN-y production18-21, The function of NK
cells in chronic HCV infection may be directly impaired by the binding of the E2 protein of
HCV to CD81, which has an inhibitory function on NK cells?223, During therapy with IFN-
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a there is a decrease in CD81 expression on NK cells and there may also be restoration of
suppressed NK cell activity24:25.

NK/DC cross-talk is abnormal in chronic HCV infection and this may be due to an
abnormality of the NKG2A-expressing sub-population26:27, Furthermore, NK cells are
activated by IFN-a and production of this cytokine by plasmacytoid DCs is abnormal in
chronic HCV infection?8. CD56PM9Nt NK cells are increased in chronically infected
individuals as compared to those spontaneously clearing infection2?. These individuals also
have a higher frequency of NKG2A/C expression and CD56°119" NK cells produce more
IFN-v. Additionally, in chronic infection NKG2A* NK cells have been correlated with
disease activity30,

Given the lack of information about NK cell responses in acute HCV infection, the aim of
the present study was to analyze frequency and functional features of NK cells in the acute
phase of HCV infection in order to determine whether NK cells become activated acutely
and whether NK cell receptor expression might influence the outcome of acute HCV
infection.

MATERIALS AND METHODS

Patients and Virological Assessment

Twenty-two patients with acute HCV infection and seventeen seronegative healthy subjects
were enrolled at the Unit of Infectious Diseases and Hepatology of the Azienda Ospedaliero-
Universitaria of Parma, Italy. The study was approved by the ethical committee of the
Azienda Ospedaliero-Universitaria of Parma. All subjects gave written informed consent.
Blood samples were drawn at the time of clinical presentation or 1-2 weeks later for the
study of the acute phase of infection, or up to 12 months after clinical presentation (follow-
up). Serum HCV-RNA was analysed by qualitative PCR (Cobas Amplicor, Roche
Molecular Systems Inc., Branchburg, NJ) and quantified by branched DNA assay (Bayer
System 340bDNA Analyzer, Bayer Corporation, Tarrytown, NY). HLA typing was
performed as previously described?2.

Immunostaining of NK cells

All phenotypic and functional NK cell analyses were performed on frozen and subsequently
thawed PBMC. PBMC were incubated with the following Abs: CD56-FITC (BD
Biosciences-Pharmingen, San Jose, CA); NKG2D-PE (R&D Systems, Inc., Minneapolis,
MN), and CD3-PerCP, CD158b-FITC (KIR2DL2/2DL3/2DS2), CD56-PE-Cy7, CD3-APC-
Cy7 (BD Biosciences-Pharmingen), 3DL1-biotin and Streptavidin-PerCP (Abcam,
Cambridge, UK), CD158a-APC (KIR2DL1/2DS1; Beckman Coulter, High Wycombe, UK)
and analysed on a BD Biosciences flow cytometer (FACSCalibur or FACSCanto).

IFN-y assays

PBMCs were incubated for 18 hours at 37°C with or without rhIL-12 (Sigma-Aldrich,
St.Louis, MO); brefeldin A (Sigma) (10 pg/mL) was added for the last 3 h of incubation.
After surface staining with NK cell surface markers and CD3-PerCP mADb, cells were fixed
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and permeabilised. The cells were then stained with PE-conjugated anti-IFN-y mAb (Sigma)
and analysed on a FACSCalibur. The proportion of IFN-y producing cells was determined
by subtracting the percentage of IFN-y* cells in unstimulated samples from IL-12 stimulated
samples.

Degranulation assay

PBMC were cultured in the presence or absence of 1 ng/mL rhlL-15 (R&D Systems,
Abingdon, UK). After 16 hours, PE-conjugated CD107a or isotype control Ab (BD
Biosciences) was added to the PBMC cultures together with K562 target cells at an E:T ratio
of 5:1. Following 1 h incubation, GolgiStop was added and 3 hours later cells were
harvested and stained for NK cell surface markers. The percentage of degranulating NK
cells was obtained by subtracting the isotype control value from the CD107a value.

Chromium release assay

PBMC were incubated overnight with or without 1ng/ml of rhIL-15 (Sigma). K562 target
cells (1x108) were incubated with 100 pCi of Na,°1CrO, at 37°C for 1 h, washed and
cocultured for 4 hrs in triplicate at 3x103 with PBMCs at E:T ratios ranging from 20:1 to
5:1. Killing efficiency was given by dividing the percent lysis values by the percentage of
total NK cells, obtained by flow cytometry analysis.

Statistical analysis

RESULTS

The expression of NK cell markers were compared by Student’s T test, Mann-Whitney test,
or Wilcoxon matched pairs test, as appropriate. Correlations were evaluated by linear
regression analysis and Spearman’s correlation coefficient. Serial analyses of variations in
MK cell parameters throughout the follow-up were performed by the repeated measurement
ANOVA test.

NK cell proportions are abnormal in patients with acute HCV infection

The frequency of NK cells was analyzed in PBMC of 22 Caucasian individuals with acute
HCV infection and different outcomes of the disease (Table 1) and in 17 seronegative
healthy control subjects. Patients were enrolled and tested at the time of clinical
presentation, which coincided with the detection of elevated ALT levels, or 1-2 weeks later
when ALT were already declining (Table 1). NK cells were identified by flow cytometry as
CD567CD3™ and were further divided into CD56"9 and CD56M sub-populations (Figure
1A). Individuals with acute hepatitis had a lower percentage of NK cells as compared to
healthy controls but the difference was statistically significant only between controls and
self-limited infections (9.2%+6.1% vs 14.5%5.8%, p=0.05) (Figure 1B). No significant
difference in the percentage of NK cells was detectable between patients with different
outcomes of acute HCV infection. Within the NK cell pool, the proportion of CD56PM9ht NK
cells was higher in patients with both self-limited (13.1%6.5%) and chronic disease (16.1%
+12.0%) than in control subjects (6.7%+4.1%; p=0.006 and p=0.005, respectively).
CD569M NK cells, were similarly reduced in both groups of patients with acute HCV
infection as compared to controls (Figure 1B). Thus, in acute HCV infection the relative
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proportions of CD56P119Mt and CD569M NK cells are altered, regardless of outcome.
Analysis of serial samples during the convalescent phase of infection showed a decline in
CD56P119t NK cells in patients with self-limited infection which was already evident 1 to 3
months after the acute phase (from 13.1+6.5 to 6.0+3.2; p=0.03 by Student t test and
p=0.0062 by repeated measures ANOVA). This early decline was not detectable in patients
with chronic evolution who showed a transient drop of CD56PM19" NK cells at the 3-6
months time point which was not maintained later (figure 1C). Changes in the opposite
direction were observed among CD56%™M NK cells that progressively increased in self-
limited infection reaching values comparable to those of healthy controls 1-3 months after
the acute phase. This behavior was not seen in patients with chronic evolution because the
frequency of CD56%M NK cells was still significantly lower than in healthy controls at both
1-3 and >6 months time points (figure 1C).

NKG2D, but not KIR, expression is altered in acute HCV infection

The expression of the activating receptor NKG2D was first analyzed on the surface of NK
cells (Figure 2A). It was more highly expressed on total NK cells as well as on CD56Prght
and CD564M subsets in patients with acute HCV infection irrespective of the subsequent
evolution compared to controls (Figure 2B and C).

The level of expression of inhibitory KIR receptors was then analyzed. Current antibodies
do not distinguish the inhibitory receptors KIR2DL1 or KIR2DL2 and KIR2DL3 from their
activating counterparts KIR2DS1 and KIR2DS2, respectively; so, the combined expression
of KIR2DL1 and KIR2DS1, and of KIR2DL?2, KIR2DL3 and KIR2DS2, was determined.
This was performed on CD5649M NK cells only, as CD56P119"t NK cells do not express KIR.
Furthermore, as the education of NK cells is dependent on the presence of a cognate HLA
ligand for the inhibitory KIR, we also determined the HLA-C type of the HCV infected
individuals (Table 1). No significant differences in KIR expression were found between
individuals with self-limited infection and with chronic evolution, even when corrected for
the presence of a cognate HLA-C ligand (Figures 2D). Furthermore, the expression of these
receptors on the surface of NK cells did not change after stimulation with IL-12 or IL-15
(data not shown).

IFN-y production by NK cells is increased in acute hepatitis C virus infection

To investigate further the behavior of NK cells during acute HCV infection, we assessed the
ability of total and CD56P"9Nt NK cells to produce IFN-y following IL-12 stimulation
(Figure 3A). A higher proportion of NK cells produced IFN-y in patients with both self-
limited (8.1%=7.8) and chronically evolving (9.98%x8.3) acute HCV infection as compared
to controls (3.28%=2.29; p=0.026 and p=0.0033, respectively) (Figure 3B). The difference
with controls was greater in patients with chronically evolving infections, although IFN-y
production in chronic and self-limited evolutions was not statistically different. In line with
this trend, the proportion of CD56"9M NK cells producing IFN-y was significantly higher in
chronically evolving (27.0%+19.6%) but not in self-limited (14.9+12.7%) infections
compared to controls (15.4%8.0%; p=0.033) (Figure 3B and C). In patients with a chronic
course there was a trend towards a decline in IFN-y secretion by the CD56P"9N NK cells
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during the follow-up phase of infection, but this did not reach statistical significance by
repeated measures ANOVA (Figure 3C).

As KIR2DL3 is associated with spontaneous resolution of HCV infection we determined
whether this sub-population of NK cells was preferentially activated in acute HCV infection
by analysis of IFN-y production (Figure 4). The inhibitory KIR, KIR2DL1, KIR2DL2,
KIR2DL3, and KIR3DL1, are important for determining the ability of NK cells to mature
and produce IFN-y4, Thus, in order to avoid the confounding variable of co-expressing KIR
we gated on NK cells that only expressed KIR2DL1/S1 or KIR2DL2/L3/S2 (figure 4A).
Both NK cell subsets expressing the HLA-C group 2-specific KIR2DL1/S1 and the HLA-C
group 1 specific KIR2DL2/3/S2 showed an increased proportion of IFN-y secreting cells in
both acutely infected patients with a self-limited and a chronic evolution compared to
controls (IFN-y secreting KIR2DL1/S1 NK cells: self-limited, 12.2%+13.63; chronic,
11.32%+12.11 versus controls: 2.1+1.83, p=0.01 and p<0.01, respectively; IFN-y secreting
KIR2DL2/3/S2 NK cells: self-limited, 15.6%+19.3; chronic, 10.36%+9.45 versus controls,
3+4.7, p=0.01 and p<0.01, respectively) (Figure 4B). No significant differences were
observed between IFN-y production by NK cells in individuals with chronic versus self-
limited hepatitis.

Increased cytotoxicity of NK cells in acute HCV infection

NK cell degranulation was investigated by following the emergence of the lysosomal
associated membrane protein CD107a at the surface of NK cells. A trend towards increased
activation of NK cells was observed during acute HCV infection as compared to healthy
controls (Figure 5A). The difference was significant for NK cells expressing group 1 HLA-
C specific KIR2DL2/3 comparing acute HCV patients with controls (44.2%+13.8% versus
29.9%+14.4%, p=0.01) (Figure 5B). In acute patients there was also greater activation of
KIR2DL2/3 NK cells as compared to KIR2DL 1-positive NK cells (44.2%+13.8% versus
35.0%+20.9%; p=0.005, Wilcoxon matched pairs test) (Figure 5B). Degranulation of
KIR2DL2/3 NK cells appeared to be greater in self-limited than in chronically evolving
infections. Although this difference was not significant, only KIR2DL2/3 NK cells from
self-limited (49.45%12.25) but not from chronically evolving (40.69+14.06) infections
were significantly more active than those from controls (30.96+13.5; p=0.0053, figure 5B).

Cytolytic function of NK cells is determined by the presence or absence of a cognate ligand
for inhibitory KIR, a process termed “licensing”4, and KIR2DL3 in combination with its
cognate group 1 HLA-C ligand has been shown to be associated with self-limited hepatitis C
infection2.13, We therefore analyzed the activation of KIR-positive NK cells by grouping
patients based upon expression of the appropriate cognate HLA-C ligand. Although there
was a trend towards greater CD107a expression in KIR-positive NK cells in patients with
self-limited infection, this was not statistically significant (Figure 5C). We also observed no
significant differences in IFN-y expression on KIR-positive NK cells between patients with
self-limited and chronic courses of infection when controlled for the presence of a cognate
HLA-C ligand (data not shown).

Cytotoxicity of total NK cells was also tested by the chromium release assay at different E:T
ratios. Although NK cells from patients with acute HCV infection generally showed a
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killing efficiency greater than NK cells from controls, a statistically significant difference
was detected only between controls and acute phase of self-limited infections (p=0.05) and
between controls and 1-3 months follow-up in chronically evolving patients (p=0.002)
(figure 5D and E). Cytotoxicity declined after the acute phase more rapidly in self-limited
than in chronic infections (Figure 5D), so that killing efficiency was greater in individuals
with a chronic course as compared to those with self-limited infection during follow-up,
with a statistically significant difference at early time points (1-3 months follow-up; 4.6+0.7
vs 2.541.3, p=0.0055 at an E:T ratio of 20:1) (figure 5E). No significant differences were
detected throughout the various time points of the follow-up by the repeated measurement
ANOVA in both groups of HCV infected patients.

To test whether HCV-RNA levels could influence NK cell function during acute HCV
infection we assessed possible correlations between viremia and killing efficiency (at an E:T
ratio of 20:1) or between viremia and the percentage of IFN-y producing NK cells (data not
shown). However, no correlations were observed, suggesting that the level of viremia does
not influence the level of activation of the innate immune responses sustained by NK cells.

DISCUSSION

Different mechanisms have been proposed to explain the high rate of chronic HCV
persistence. Among them, an insufficient promotion of the adaptive immunity by defective
downstream innate responses has been suggested by a number of in vitro studies, showing
interference of HCV gene products with the anti-viral function of the innate immunity at
different levels!:2, including the inhibition of the NK cell activity by E2 proteins?2:23.31,
This putative impairment of NK responses may not only affect the initial control of infection
directly but may also influence T cell priming by precluding a productive cross-talk between
NK and dendritic cells26:27, On the other hand, the mechanisms favoring virus control in
HCV infection are still largely undefined. In this context, preferential expression of the
inhibitory receptor KIR 2DL3 on NK cells in patients with a self-limited outcome of
infection may play a role1213, Since KIR 2DL3 has a lower affinity for its HLA-C ligand
than other KIRs, KIR 2DL3-mediated inhibition of NK cells is inherently weak; this may
predispose NK cells from these individuals to be more easily activated by viral infection,
thereby protecting them from virus persistencel213. The final impact of these mechanisms
on NK cell function in vivo was to date unknown because studies in acute HCV infection
have not been performed so far.

To characterize the behavior of NK cells in acute HCV infection and their contribution to
HCV pathogenesis we analyzed frequency, phenotype and functional properties of CD56*
CD3™ NK cells and their CD56%M and CD56°"19" subsets longitudinally in patients with
self-limited and chronically evolving acute hepatitis C. The most evident finding is that NK
cells in acute HCV infection are functionally more active than NK cells from uninfected
healthy controls. This is principally indicated by a more efficient production of IFN-y
following in vitro stimulation with IL12 and by a stronger cytotoxicity in the acute phase
(significant in self-limited infections) and in the first 3 months of follow-up (significant in
chronically evolving infections). Also the degranulation activity, tended to be stronger in
acute patients than in controls, but a significant difference was only observed for
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KIR2DL2/3. Enhanced NK cell function was detectable in both groups of acute patients
with a self-limited and a chronic evolution of infection and was more evident at the early
stages of infection (acute phase and 1 to 3 months of follow-up). It was not associated with a
parallel increase in the overall NK cell number. However, when we analyzed the expression
of the CD569M and CD56P19Mt subsets, CD56PM9N cells appeared to be significantly
increased and CD564™M significantly reduced in acute patients compared to controls. Thus,
the relative representation of NK cell subsets rather than the absolute NK cell number is
altered in the acute stage of HCV infection. Moreover, NK cells tended in general to be
more active and to remain activated for longer time in chronically evolving than in self-
limiting infections, with a slower kinetics of functional decline which was more evident for
cytolytic activity. In cross-sectional studies changes in the CD56%™M and CD56°119M sybsets
in chronic HCV infection have been previously reported, and our data are consistent with the
alterations observed in the acute phase of infection persisting into the chronic phase in
patients who do not clear infection16:21.29,

NK cell activity is regulated by a complex interplay between activating and inhibitory cell
surface receptors and an altered balance between positive and negative signals released by
these receptors is likely to result in NK cell functional changes®. To address this possibility,
we looked at the expression of the NKG2D receptor, which is known to mediate NK cell
activation by binding stress-inducible class I like molecules (MICA/B) and ULBPs on target
cells, and at the expression of the KIR2DL1 and KIR2DL2/3 receptors, which can mediate
NK cell inhibition by interacting with HLA-C ligands32. In line with functional data, the
activating NKG2D receptor was expressed at higher levels in acute HCV patients than in
controls on both CD5649™ and CD56PM9N NK subsets.

In contrast, the expression of inhibitory KIR receptors was not significantly different in the
different patient groups. However, a preferential CD107a expression was observed on
KIR2DL2/L3/S2-positive, as compared to KIR2DL1/S1-positive NK cells in the acute phase
of infection. KIR2DL3 and group 1 HLA-C is protective against chronic HCV infection12.13
as a likely result of stronger inhibitory signals generated by KIR2DL1 than KIR2DL3 with a
subsequent slower rate of activation of NK cells expressing KIR2DL1 compared to those
expressing KIR2DL333. In our study, however, we have only detected a trend towards a
higher degranulation activity in KIR2DL3 positive NK cells from self-limited as compared
to chronically evolving infections. The lack of a stronger association between KIR2DL3 and
resolution of infection may be due to the limited number of patients that can be recruited for
functional studies given the asymptomatic nature of acute HCV infections. Similarly, we
had limited power to detect differences between the groups in the cytotoxicity assays during
the follow-up phases, due to the difficulty in obtaining samples at defined timepoints. This
was in part due to the behavior of the IVDU population, and is a further hindrance to the
accurate study of acute HCV infection.

In summary, our study suggests a model of increased NK cell activation in the acute phase
of infection irrespective of the subsequent outcome, with a prolonged duration in individuals
with chronic evolution of infection. Although HCV has the potential to inhibit the NK cell
function by cross-linking the tetraspannin CD81 molecule at the surface of NK cells with its
E2 protein?223) NK cells seem to be efficiently induced during acute HCV infection,
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because IFN-y production and cytotoxicity are stronger in acute patients than in controls.
This is consistent with the observations of Yoon et al showing that infectious HCV particles
generated in cell culture did not impair NK cell function in vitro even when used at
concentrations higher than those found in infected individuals34.

Thus, in acute infection HCV does not appear to down-modulate NK cell responses as may
be predicted if the HCV-E2 protein had in vivo NK cell inhibitory activity. However, the
evidence of a slow but progressive decline of NK cell activity in patients who subsequently
progress to chronicity does not exclude the possibility that long-term persistence of HCV
may eventually lead to NK cell inhibition resulting from a balance between inhibitory and
activating NK cell receptors in favor of inhibition, as reported by previous studies??. NK
cells have rarely been studied in acute human viral infections, and so we are unable to
determine if our observations are specific for HCV. However, the activation of NK cells
during acute HCV infection indicates that they play a role in HCV immunopathogenesis,
and that further studies are needed to define their specific contribution to the outcome of
infection.
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Abbreviations

DC dendritic cell

IL interleukin

RIBA recombinant immunablot assay

PCR polymerase chain reaction

PBMC peripheral blood mononuclear cells

rh recombinant human

E:T effector:target

ALT alanine transaminase
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Figure 1. Changesin NK cell subsets during acute HCV infection '
Panel A: representative flow cytometry dot plot of the CD56PM19"t CD3~ and CD564M CD3~

populations in acute HCV infection. Panel B: frequency of NK cells as a percentage of the
lymphocyte population and the frequencies of CD56PM9M and CD56%M NK cells as a
percentage of the total NK population in 14 chronically evolving patients (CH, circles), 8
self-limited patients (SL, squares) and 17 healthy controls (CTR, triangles). Panel C:
changes in NK cells in the follow-up phase of infection. The upper panel shows NK cells as
a percentage of the live lymphocyte gate, and the middle and lower panels show the relative
proportions of CD56PM19Mt (middle) and CD564M (lower) NK cells.
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Figure2. NK cell receptor expression in the three patient populations
Panels A-C: NKG2D expression on total NK cells (A), on CD56P19t NK cells (B) and on

CD569M NK cells (C). The expression of these receptors in the acute phase are compared
between 11 patients with acute HCV infection and chronic evolution (CH, circles), 6 with
self-limited infection (SL, squares) and 10 healthy controls (CTR, triangles). Panel D:
percentage of NK cells expressing specific KIR molecules in the acute phase of infection, as
determined by GL183 (anti-KIR2DL2/3/S2) and EB6 (anti-KIR2DL1/S1) in individuals
with acute HCV infection. The left panel shows the frequency of KIR2DL1/S1 NK cells in
individuals with group 2 HLA-C allotypes; the middle panel shows the frequency of
KIR2DL2/3/S2 in individuals with group 1 HLA-C alleles and the right panel shows the
total number of NK cells expressing a KIR cognate for the HLA-C alleles of the individual
(either groupl HLA-C, group 2 HLA-C or both group 1 and group 2 HLA-C).
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Figure 3. Increased production of I FN-y by NK cells
PBMCs were incubated overnight with or without IL-12. The cells were then stained with

mADbs to detect IFN-y and identify NK cells (CD56™ CD3"). Panel A: representative flow
cytometry dot plots of IFN-y producing cells following overnight culture with or without
IL-12. Panel B: percentage of IFN-y* total NK (upper plot) and IFN-y* CD56PM9ht NK cells
(lower plot) in IL-12 stimulated PBMC in the various patient populations in the acute phase
of infection (8 self-limited, 14 chronically evolving, 17 controls). Panel C: IFN-y
production during the follow-up phase of HCV infection in individuals with self-limited and
chronic hepatitis on total NK cells and on CD56°119" NK cells.
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Figure4. Activation of KIR* NK cells during acute HCV infection
Panel A: representative flow cytometry dot plot to illustrate the gating strategy used to

obtain NK cells single positive (SP) for one specific KIR group, in this case KIR2DL1/S1.
In this plot CD3~ CD569M NK cells were gated and NK cells negative for both
KIR2DL2/L3/S2 and KIR3DL1 were analysed for expression of KIR2DL1/S1. The
histogram shows IFN-y production by these KIR2DL1/S1 positive NK cells. Panel B:
percentage of IFN-y producing NK cells single positive for KIR2DL1/S1 or KIR2DL2/3/S2
in the acute phase of infection in patients with acute hepatitis and healthy controls. Circles
depict patients with chronically evolving infection (n=12), squares individuals with self-
limited infection (n=7) and triangles represent the controls (n=17).
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Figure 5. Up-regulation of NK cell degranulation and cytotoxicity during acute HCV infection
Degranulation, assessed by surface expression of CD107a, was measured in IL-15

stimulated NK cells following co-culture with K562 target cells. Panel A: the percentage of
degranulating CD569M NK cells, analyzed in the acute phase, is compared between 12
patients with acute HCV infection and chronic evolution, 8 patients with self-limited
infection and 11 healthy controls. No statistically significant differences were found
between the groups. Panel B: percentage of NK cells single positive for KIR2DL1/S1 or
KIR2DL2/3/S2 that express CD107a in the acute phase in individuals with acute hepatitis
and in the healthy controls. Circles depict individuals with chronic infection, squares those
with self-limited infection and triangles represent the controls. Comparisons by Mann-
Whitney U test revealed significant differences in CD107 upregulation between NK cells
single positive for KIR2DL2/L3/S2 in the total patient population, as well as in the self-
limited group compared with healthy controls. A statistical difference was also detected
between NK cells single positive for KIR2DL1/S1 and those single positive for
KIR2DL2/L3/S2 in the whole patient population. Panel C: comparison of CD107a
expression on KIR2DL1/S1 or KIR2DL2/3/S2 NK cells in the acute phase in HCV infected
individuals who have the cognate HLA-C ligand (group 2 and group 1 respectively).
Individuals with chronic evolution are depicted with closed circles and those with self-
limited hepatitis with open squares. No statistically significant differences were found
between the different types of infection. Panel D: cytotoxic activity in the acute and follow-
up phases of infection normalised for NK cell number, as tested by 51Cr-release assay
against K562 cells. Results are shown for individuals with chronic evolution of acute
infection (circles and full line), self-limited infection (squares and dashed line) and 14
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healthy controls (triangles and dotted line) at varying effector to target (E:T) ratios. Fourteen
individuals with chronic evolution and 8 with self-limited infection were evaluated in the
acute phase; 6 in each group at one to three months, and 9 with chronic evolution and 7 with
self-limited at three to six months. The mean and standard deviations are shown. Panel E:
cytotoxicity against K562 targets normalized for NK cell number in the acute phase and
early follow-up phase of infection at the E:T ratio of 20:1. The numbers of patients and
controls are the same as those illustrated in panel D, with 14 additional chronic patients
analyzed at later follow-up time points.
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Table 1
Clinical characteristics of theindividualsin the study

Patient outcome SEX AGE ALT (at timeof lymphocyte collection) HCV-RNA Copie¥mL  Genotype HLA-C group

Chronic 1 F 64 417 3,100 2 1,2
Chronic 2 M 29 875 12,897,741 2 2,2
Chronic 3 M 29 245 16,242 3 2,2
Chronic 4 M 44 852 451,916 1A 1,2
Chronic 5 M 18 1114 6,775,737 3 11
Chronic 6 M 67 490 10,170 2 11
Chronic 7 F 33 34 <3200 1 ND
Chronic 8 M 57 1027 1,344,724 2 1,2
Chronic 9 M 25 146 528,241 1A/1B 1,2
Chronic 10 M 22 358 ND 3 2,2
Chronic 11 M 22 459 3,807 3 11
Chronic 12 F 41 225 1,361,225 1A ND
Chronic 13 MM 39 210 3,1998 1B ND
Chronic 14 F 50 78 ND 2C ND
Self-limited 1 F 50 567 5,517 1 ND
Self-limited 2 F 52 67 1,030,000 1 1,2
Self-limited 3 M 20 1299 <3200 n/a 1,2
Self-limited 4 M 28 152 4,957 n/a 1,2
Self-limited 5 M 18 54 12,991 4 1,2
Self-limited 6 M 27 54 ND 1 2,2
Self-limited 7 M 32 940 7,355 2 11
Self-limited 8 F 25 1966 240,807 nfa 1,2
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