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Natural killer (NK) cells act as innate immune cells against hepatitis C virus (HCV) infection. Interferon-a (IFN-
a) and ribavirin are the standard treatments for patients with HCV infection. This study is aimed at investigating
the dynamic changes in the frequency of different subsets of NK cells following treatment in xx chronic hepatitis
C (CHC) patients. CHC patients were treated with peg-IFN or IFN-a, and followed up for 72 weeks. The
frequency of different subsets of NK in CHC patients was determined longitudinally by flow cytometry.
Treatment with the standard therapy increased the percentages of NKp30 + , NKp46 + , and CD107a + NK cells,
which were positively correlated with the declining of serum HCV-RNA, but not IFN-g + NK cells. NKG2A + and
KIR2DL3 + NK cells were associated with an early virological response in CHC patients. Treatment with IFN-a
adjusts the balance of activated receptors and inhibitory receptors and enhances the cytotoxic activity of NK
cells. Therefore, measuring NK subsets may be valuable for therapeutic responses in CHC patients.

Introduction

Hepatitis C virus (HCV) infection remains a serious
concern and affects an estimated 130 million people

worldwide (Ahlenstiel and others 2011). Because of the lack
of available vaccines for the prevention of HCV spreading,
the infection rate is increasing worldwide. After exposure to
HCV, about 70%–80% of people progress into chronic hep-
atitis C (CHC). More importantly, many patients with CHC
eventually develop cirrhosis and hepatocellular carcinoma,
the major causes of end-stage liver disease. It is well known
that liver injury and CHC progression are dependent on host
immunity (Ahlenstiel and others 2010; Amadei and others
2010; Beziat and others 2010). Although antigen-specific T
cells are crucial for the clearance of HCV, other immuno-
competent cells also play an important role in disease pro-
gression and control. Therefore, the discovery of the role of
other immunocompetent cells, such as natural killer (NK)
cells, in the pathogenesis and therapeutic response is of great
significance (Amadei and others 2010; Beziat and others
2010).

Currently, combination therapy of pegylated interferon
(Peg-IFN) or IFN-a with antiviral ribavirin is a standard
protocol for the treatment of patients with CHC in the clinic
(Bonorino and others 2009). Its therapeutic efficacy is regu-

lated by several factors, including the levels of viral loads,
the genotype of HCV with which the patients infected,
gender, age, and the status of immune system. The sustained
virological response (SVR) rate is only nearly 40%–45% in
patients with genotype 1 HCV infection (Chiesa and others
2005; Brook and others 2010). However, how treatment with
IFN could modulate the frequency of NK cells in CHC pa-
tients is poorly understood.

NK cells are innate immune cells and play important roles
in the defense against viral infection. In humans, NK cells are
usually defined as CD3 - CD56 + lymphocytes and comprised
about 5%–20% of peripheral blood lymphocytes (Cooper and
others 2001; Dessouki and others 2010). However, the fre-
quency of NK cells in intrahepatic lymphocytes can reach
about 30%–50% (Dominguez-Villar and others 2012). NK
cells are a diverse population and their function depends on
the expression of activating and inhibitory receptors that
recognize various classes of cell surface ligands (Dunn and
others 2007). Furthermore, the function of NK cells is regu-
lated positively by proinflammatory cytokines, but nega-
tively by inhibitory cytokines and Tregs (Edlich and others
2012). NK cells can be cytotoxic to their sensitive target cells
through perforin-containing cytotoxic granules (Gao and
others 2008), and NK cells can also induce target cell apo-
ptosis through surface expression of tumor necrosis factor
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(TNF)-related apoptosis-inducing ligand (TRAIL) or FasL
(Hadziyannis and others 2004). CD56bright NK cells do not
express CD16 and account for about 10% of the peripheral
blood NK cell population, and they are considered the main
producers of cytokines and TRAIL (Harrison and others
2010). In addition, NK cells may secrete cytokines, such as
IFN-g and TNF-a, or through cell contact to promote target
cell apoptosis (Hoofnagle and Seeff 2006). Hence, the de-
granulation of NK cells is the hallmark of NK cell activation
(Brook and others 2010).

Previous studies have shown that following HCV infec-
tion, the frequency of NK cells increases, suggesting that NK
cells contribute to the initial viral containment (Khakoo and
others 2004; Joncker and others 2009; Knapp and others
2010). Furthermore, NK cells appear to be associated with
liver injury in CHC patients (Lin and others 2004; Miyagi
and others 2007; Lavanchy 2009; McHutchison and others
2009). Earlier studies have reported that treatment with IFN-
a2b increases NK cell cytotoxicity and the percentage of
perforin + lymphocytes (Morishima and others 2006), par-
ticularly in those with SVR (Nattermann and others 2006).
Recent studies suggest that the effect of IFN treatment on the
frequency, cytotoxicity, cytokine production, and receptor
expression in NK cells remains controversial (Norris and
others 1998; Par and others 2006; Joncker and others 2009;
Oliviero and others 2009). However, there is no information
on the dynamic changes in the frequency, cytotoxicity, cyto-
kine production, and receptor expression in NK cells in
Chinese patients with CHC following treatment with IFN
and antiviral therapy.

In this study, we recruited a group of CHC patients to
examine the frequency of different subsets of NK cells and
their function longitudinally following treatment with
interferon-a (IFN-a) and antiviral ribavirin, as well as in
gender- and age-matched healthy subjects. We found that
CHC patients had a lower frequency of NK cells that were
dysfunctional and that the standard therapy transiently
modulated NK cell function. Characterization of different
subsets of NK cells revealed that a high frequency of acti-
vating receptor-expressing NK cells and a low percentage
of inhibitory receptor-expressing NK cells were associated
with liver damage in CHC patients. The IFN-a therapy
transiently enhanced NK cell cytotoxicity and triggered NK
cell activation. Our findings may provide new insights into
understanding the therapeutic effect of antiviral therapy in
CHC patients.

Patients and Methods

Patients and healthy subjects

A total of 35 patients with CHC and 13 gender- and age-
matched healthy subjects were recruited at the outpatient
clinic of the Department of Hepatology of the First Hospital
of Jilin University, China, from February 2010 to June 2011.
Individual patients with CHC were diagnosed, according to
the criteria of detectable HCV virions and positive anti-HCV
antibodies as well as clinical symptoms for 6 months (Pel-
letier and others 2010). Individuals were excluded if she/he
had a history of hepatitis B and hepatitis D, positive anti-
bodies against HBV and HDV, human immunodeficiency
virus (HIV), or other inflammatory diseases, such as rheu-
matoid arthritis, diabetes, autoimmune hepatitis, hyperten-

sion, kidney disease, or recent infectious diseases. Written
informed consent was obtained from all subjects, and the
experimental protocol was approved by the Ethics Com-
mittee of the First Hospital of Jilin University.

Treatment

Individual patients with CHC were randomized and
treated with 15 mg/kg of body weight/day of ribavirin for
12 months plus 180 mg Peg-IFNa-2a (Roche, Basel, Switzer-
land) weekly or 5 · 106 IU IFN-a2b (Cain Biotechnology,
Beijing, China) every other day for 48 weeks. All the patients
met the most recent criteria of the European guideline for
treatment of CHC (Pelletier and others 2010) and 24 of them
were followed up for 72 weeks. Peripheral blood samples
were obtained from individual participants before and after
the treatment longitudinally.

Viral genotyping, viral load, and other
biochemical measurements

The HCV genotyping was performed by quantitative
polymerase chain reaction (PCR) using the specific kit
(iQur�, Southampton, United Kingdom), according to the
manufacturer’s instruction. The concentrations of plasma
anti-HCV antibodies were determined by enzyme-linked
immunosorbent assay (ELISA). The virus loads in individual
plasma samples were measured by quantitative PCR using
HCV COBAS Amplicor Monitor version 2.0 (Roche, Burgess
Hill, Sussex, United Kingdom), and the limitation of detec-
tion for HCV was 15 IU/mL. The levels of serum aspartate
aminotransferase (AST) and alanine transaminase (ALT) in
individual subjects were detected by Biochemistry Auto-
matic Analyzer (Roche Diagnostics, Branchburg, NJ).

Flow cytometry analysis

To determine the percentages of different subsets of NK
cells, anticoagulated blood samples were incubated for 30 min
with a cocktail of allophycocyanin (APC)-conjugated CD56
(clone B159), fluorescence isothiocyanate (FITC)-conjugated
CD3 (clone UCHT1), and PerCP-Cy�5.5-conjugated CD16
(clone 3G8), and stained with PE-conjugated antibodies
against CD158a (clone HP-3E4), CD158b (clone CH-L), NKp30
(clone P30-15), NKp44 (clone p44-8.1), NKp46 (clone 9E2/
Nkp46; BD PharMigen, San Diego, CA), NKB1 (clone DX9;
BD Biosciences, Erembodegem, Belgium), KIR2DL3 (clone
180701), NKG2D-PE (clone 149810), NKG2A (clone 131411),
NKG2C (clone 134591; R&D Systems, St. Paul, MN), TRAIL-
PE (clone 550516), FasL-PE (clone 12-9919; eBioscience, San
Diego, CA), or isotope controls, respectively. After lysis of
red blood cells, the frequency of different subsets of NK cells
was characterized by flow cytometry analysis.

The CD107a + NK cells represent degranulated NK cells
(Post and others 2009). To determine the frequency of de-
granulated NK cells, PBMCs were directly stimulated with
K562 cells (E:T = 10:1) in RPMI 1640 in 6-well plates for 1 h.
The cells were exposed to anti-CD107a in the presence of
GolgiStop for another 5 h. Subsequently, the cells were
stained with anti-CD3 and anti-CD56, fixed, and permeabi-
lized, followed by staining with anti-IFN-g. The de-
granulated and IFN-g-secreting NK cells were characterized
by flow cytometry analysis.
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Statistical analysis

Data are expressed as mean values of individual subjects
or median and range. The difference between 2 independent
groups was analyzed by the Mann–Whitney U-test, and the
difference between paired variables by the Wilcoxon mat-
ched-pair test using the Prism 5.0 (GraphPad Software, La
Jolla, CA). The potential correlation between 2 variables was
analyzed by the Spearman’s rank correlation coefficient test.
A 2-tailed P value of less than 0.05 was considered statisti-
cally significant.

Result

Alteration in the frequency of NKp30 +

and NKG2C + NK cells is associated
with liver damage in CHC patients

To determine the frequency of NK cells, 35 patients with
CHC and 13 healthy subjects were recruited. As expected,
there was no significant difference in the distribution of
gender and age between CHC patients and healthy subjects,
and CHC patients displayed high concentrations of ALT and
HCV loads (Table 1). Characterization of HCV genotypes
indicated 19 patients infected with genotype 1b HCV, 10
with genotype 2a, and others with neither genotypes 1b
nor 2a.

To characterize optimal changes in NK cell phenotype and
function, we initially focused on the 24 patients who finished
48 weeks treatment and were followed up to 72 weeks. NK
cells were identified as CD3 - CD56 + cells by multicolor flow
cytometry after gating on single cells (forward scatter height
versus forward scatter area) and lymphocytes (forward
scatter versus side scatter). For a detailed NK phenotype
analysis, PBMCs were stained for activating and inhibitory
NK cell receptors, characterization of different subsets of NK
cells indicated that after treatment with interferon and anti-
viral ribavirin. As shown in Figure 1A, the frequency of NK
cells in the blood lymphocyte population increased during
the early stage (12 week) of therapy. This was paralleled by
an increase in CD56bright (Fig. 1C) cells, but not CD56dim

cells. Furthermore, CD56bright cells increased further in week
48 (P = 0.009) and were maintained at that level for 72 weeks.
Interestingly, the concentrations of plasma ALT in CHC
patients were positively correlated with the frequency of
NKp30 + and NKG2C + NK cells, but were negatively cor-
related with the frequency of CD158a + NK cells in CHC
patients (Fig. 1A, B). These data indicated that alteration in
the frequency of activating receptor + cells was associated
with liver damage in CHC patients and indicated its function
to clear HCV.

Treatment with IFN-a and ribavirin modulates
NK subsets in CHC patients

Given that different subsets of NK cells have different
functions, we characterized the frequency of different subsets
of NK cells longitudinally after treatment. For example, the
expression level of NKp30 + and NKp46 + NK cells peaked as
early as 4 weeks after initiation of therapy (Fig. 2B, C) and
there were significant changes in those cells during the last
48 and 72 weeks of therapy (Fig. 2B, C), specially there were
bulk NKp30 + NK cells at terminal treatment (Fig. 2B).
Whereas the NKG2C + subsets (Fig. 2A) were slightly
downregulated (P < 0.05) and CD158a + and CD158b + NK
cells decreased significantly at 24 and 48 weeks (Fig. 2D, E).
Surprisingly, CD158a + NK cells increased significantly at 24
weeks after the end of treatment. The percentage of NKp30 +

NK cells increased after standard IFN-a therapy, instead of
NKp46 + NK cells in the Peg-IFN-a group. Another 8 patients
were followed to 24 weeks, PBMCs were stained for TRAIL
and FasL, and TRAIL + NK cells gradually increased after
treatment, which reached a peak at 24 weeks; the IFN-a
treatment had no effect on FasL + NK cells (Fig. 3A, B).

The NK cells reduced the antiviral effects by killing in-
fected hepatocytes and by producing antiviral and immu-
nomodulatory cytokines, such as IFN-g. To evaluate changes
in NK cell cytotoxicity during therapy, we incubated PBMCs
with the major histocompatibility complex-negative target
K562 and measured degranulation by staining CD107a on
the cell surface. A significant increase in CD107a+ subsets was
observed within 4 weeks of treatment and was maintained
for 48 weeks. (Fig. 4C) Inversely, the frequency of IFN-g-
secreting NK cells in CHC patients was significantly lower
than that in healthy controls (data not shown), treatment
failed to significantly modulate the frequency of IFN-g-
secreting NK cells. In the correlation analysis, we found that
the level of the serum ALT associated with degranulation.
These data clearly indicated that treatment with interferon
and ribavirin modulated the frequency and function of NK
cells, contributing to the inhibition of HCV replication and
liver damage in CHC patients.

Effective viral load reduction upon IFN-a
treatment results in increased frequencies
of activated NK cells and degranulation

After the combination of interferon and ribavirin treat-
ment, viral loads substantially decreased in most hepatitis C
patients at 4 weeks. Accordingly, the treatment remarkably
increased the frequency of NKp30 + and NKp46 + NK cells at
4 weeks postinitial treatment in CHC patients. We investi-
gated a possible relationship between the early NK cell

Table 1. The Characteristics of the Study Population

Health controls
(n = 18)

CHC
(n = 35)

Peg-IFN
group (n = 13)

IFN group
(n = 22)

Age, years (mean – SEM) 43.6 – 8.8 46.3 – 8.6 44.6 – 8.5 47.7 – 8.2
Gender (female/male) 8/10 14/21 7/6 7/15
ALT, IU/mL (median [IQ range]) NA 42.5 (12–268) 35 (12–268) 50.4 (23–171)
HCV-RNA (mean log10 IU/mL – SEM) NA 6.3 – 0.89 6.41 – 0.67 6.22 – 1.02
HCV genotype 1b/2a/other NA 19/10/6 6/4/3 13/6/3

HCV, hepatitis C virus; CHC, chronic hepatitis C; Peg-IFN, pegylated interferon.
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response and first-phase virological response to treatment,
which is predictive of a SVR.

Interestingly, we found that the therapy-induced decrease
in HCV-RNA strongly correlated with the therapy-induced
change in NKp30-positive NK cells, the same with NKp46-

positive NK cells. (Fig. 5A, B). At 4 weeks treatment, the viral
load dropped most significantly, and we also found that the
function of NK cell degranulating was stronger at 4 weeks,
therefore, in the correlation analysis, we found that viral load
decline associated with degranulation (Fig. 5C).

FIG. 1. The dynamic changes of natural killer (NK) cell subsets during treatment. NK subsets were determined by flow
cytometry analysis using specific antibodies. Data shown are representative charts of flow cytometry analysis of some subsets
of NK cells. In 12 weeks of treatment, total NK cells increased and CD56bright + cells also increased; furthermore, NKG2C +

and NKp30 + NK were a positive correlation with the level of serum ALT. (A) The dynamic change of total NK cells during
the course of treatment. (B) The dynamic change of CD56dim + NK cells during the course of treatment. (C) The dynamic
change of CD56bright + NK cells during the course of treatment. (D) The correlation between NKG2C + NK cells and the level
of serum ALT. (E) The correlation between NKp30 + NK cells and the level of serum ALT. (F) The correlation between
CD158a + NK cells and the level of serum ALT (*P < 0.5; **P < 0.01).
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FIG. 2. The dynamic changes of NK cell receptors during treatment. Furthermore, the cells were stained with APC anti-
CD56 and PE-conjugated antibodies against CD158a or CD158b, NKp30, NKp44, NKp46, NKB1, KIR2DL3, NKG2D,
NKG2A, NKG2C, or isotope controls, respectively, for characterizing the frequency of different subsets of NK cells. The
frequency of activation receptor + and inhibitory receptor + NK cells in chronic hepatitis C (CHC) patients (n = 24) and healthy
subjects (n = 13) was determined by flow cytometry analysis. We displayed FACS of NKp30 and CD158a during the treatment
from baseline to 72 weeks. (A–C) The dynamic changes of NK cell activating receptors during the course of treatment. (D–F)
The dynamic changes of NK cell inhibitory receptors during the course of treatment (*P < 0.5; **P < 0.01; ***P < 0.001).
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A higher frequency of inhibitory receptor + NK cell
at baseline is associated with early virological
response in CHC patients

The response of individuals to therapy was evaluated,
according to the European guideline criteria for treatment of

CHC. Individuals with no detectable HCV RNA ( < 50 IU/mL)
for 24 weeks postinitial treatment were defined as SVR;
with no datable HCV RNA within 4 weeks postinitial
treatment and maintained up to end of treatment as rapid
virological response (RVR); with positive detection of HCV
RNA at 4 weeks, but not at 12 weeks, and maintenance up to

FIG. 4. The dynamic change
of NK cell functions during
the course of treatment. In-
dividual patients were trea-
ted with interferon and the
frequency of NK and acti-
vated NK cells were charac-
terized by flow cytometry
analysis. PBMCs separated
from patients were incubated
with K562 cells, then marked
CD107a and IFN-g to deter-
mine the functions. (A) The
correlation between CD107a +

NK cell and the level of se-
rum ALT. (B) The correlation
between IFN-g + NK cell and
the level of serum ALT. (C)
The dynamic change of
CD107a + NK cells. (D) The
dynamic change of IFN-g +

NK cells (*P < 0.5; **P < 0.01;
***P < 0.001).

FIG. 3. The dynamic chan-
ges of NK cell subsets during
treatment. Eight patients
were followed up to 24 weeks
to assess the frequency of
TRAIL + or FasL + NK cells.
Anglicizing affect of different
IFN on NK cells, to divide
patients into 2 groups [stan-
dard interferon-a (IFN-a)
groups and pegylated inter-
feron (Peg-IFN-a) groups]
and observe the changes of
NK receptors. (A, B) The dy-
namic change of apoptosis-
related ligands on NK cells
during the treatment. (C, D)
The dynamic change of NK
cell activating receptors dur-
ing the course of treatment in
different groups (*P < 0.5;
**P < 0.01; ***P < 0.001).

DYNAMIC CHANGES OF NK CELLS IN PATIENTS WITH HEPATITIS C 371



end of treatment as early virological response (EVR). There
were 3 patients with RVR in the Peg-IFNa-2a group, while
there were 4 patients with RVR in the IFN-a2b group. There
were 6 patients with EVR in the Peg-IFNa-2a group and 8
patients in the IFN-a2b group. There were 4 patients with
SVR in the Peg-IFNa-2a group, while there were 6 patients
with SVR in the IFN-a2b group.

The RVR, EVR, or SVR of CHC patients to therapy is
crucial for the control of disease progression (Pelletier and
others 2010). We further stratified the patients into the re-
sponder and nonresponder groups and characterized the
frequency of different subsets of NK cells by flow cytometry
analysis (Fig. 6). We found that the frequency of NKG2A +

NK cells in the RVR patients was significantly higher than
that in the non-RVR patients, while the percentage of
KIR2DL3 + NK cells in the RVR patients was slightly higher
than that in the non-RVR patients.

Similarly, stratification of patients into the EVR and non-
EVR groups and the frequency of NKG2A + and KIR2DL3 +

NK cells in the EVR patients were significantly higher than
that in the non-EVR patients. Longitudinal analysis indicated
that the frequency of KIR2DL3 + , but not NKG2A+ , NK cells
was reduced in the SVR patients at 72 weeks postinitial
treatment. Collectively, these data suggest that an early higher
frequency of inhibitory receptor+ NK cells is associated with
EVR in CHC patients to interferon and ribavirin therapy.

Discussion

This study demonstrates a long-term follow-up between
NK cell responsiveness, and the whole process (72 weeks) of
virological response, as well as the longitudinal (72 weeks)
virological response of IFN-a-based therapy.

We examined the frequency of different subsets of NK
cells in patients with CHC following standard therapy. We

found that CD56birght + NK cells were significantly elevated
after initial treatment, the related research results consistent
with ours. In the correlation study, we also found that the
NKp30 + and NKG2C + NK cells and the ALT levels were
positively correlated. Hence, standard therapy increased the
frequency of NKp30 + and NKp46 + NK cells, but decreased
the frequency of CD158a + and CD158b + NK cells later
posttreatment. More importantly, the increased percentages
of NKp30 + and NKp46 + NK cells were positively correlated
with the reduced levels of HCV loads in CHC patients early
after treatment. These data are consistent with a previous
report in CHB patients (Rehermann and Nascimbeni 2005).
Standard IFN-a triggered NKp30 + NK cells increasing, but
Peg-IFN-a triggered NKp46 + NK cells. These data suggest
that NKp30 + and NKp46 + NK cells are crucial for the
clearance of HCV in CHC patients and that the frequency of
peripheral blood NKp30 + and NKp46 + NK cells may be a
valuable biomarker for the evaluation of HCV clearance in
CHC patients.

IFN-a is a regulator of NK cell activity (Smyth and others
2005) and the only cytokines currently used for the treatment
of viral hepatitis. Previous studies have shown controversial
results on the frequency and function of NK cells in CHC
patients following standard therapies (Rehermann and
Nascimbeni 2005; Miyagi and others 2007; McHutchison and
others 2009). We found that treatment with standard therapy
increased the frequency and degranulation of NK cells, but
not IFN-g + NK cells, in CHC patients postinitial treatment.
Previous studies showed that an increased TRAIL expression
on NK cells had been associated with flares in chronic hep-
atitis B (Stegmann and others 2010). A recent study gave
further evidence that TRAIL expression was inversely cor-
related with HCV-RNA levels during the early phase of
PEG-IFN-a therapy in vitro (Tjwa and others 2011). We found
that TRAIL + NK cells reached a burst at the sixth month

FIG. 5. The effect of treatment with IFN on the frequency of activation receptor + NK cells and affected functions of NK cells
in CHC patients. The potential correlation of the net increases in the frequency of NKp30 + and NKp46 + NK cells with the net
increases in the amount of hepatitis C virus (HCV) loads in CHC patients at 4 weeks post-treatment was analyzed. Data are
expressed as mean values of individual patients at different time points post-treatment. (A) Spearman’s rank correlation
coefficient between the therapy-induced change in logHCV-RNA and the change in NKp30-positive NK cells was deter-
mined. Change was defined as the absolute difference between percentages at baseline and 4 weeks. DlogHCV-RNA =
logHCV-RNAbaseline - logHCV-RNA4 week; DNKp30 + NK cell%% = NKp30 + NK cell%4 week - NKp30 + NK cell%baseline. (B)
Spearman’s rank correlation coefficient between the therapy-induced change in logHCV-RNA and the change in NKp46-
positive NK cells was determined. Change was defined as the absolute difference between percentages at baseline and
4 weeks. DlogHCV-RNA = logHCV-RNAbaseline - logHCV-RNA4 week; DNKp46 + NK cell%% = NKp46 + NK cell%4 week -
NKp46 + NK cell%baseline. (C) Spearman’s rank correlation coefficient between the therapy-induced decrease in logHCV-RNA
and increase in CD107a-positive NK cells was determined at 4 weeks. DlogHCV-RNA = logHCV-RNAbaseline - logHCV-
RNA4 week; DCD107A + NK cell% = CD107A + NK cell%4 week - CD107A + NK cell%baseline.
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during treatment (Fig. 3A). Consistent with our results, re-
cent data show that interferon activates NK cells early after
treatment is initiated, and their cytotoxic functions strongly
related to the virologic response (Trobonjaca and others
2002; Tjwa and others 2011). Given that treatment with the
interferon therapy significantly reduced the levels of plasma
HCV loads and serum ALT, the higher frequency of NK cells
and activated NK cells suggested that activated NK cells
participated in the clearance of HCV in CHC patients.

Previous studies have shown that IFN-g can inhibit HCV
replication in human hepatocytes in vitro, which can be
abrogated by anti-IFN-g antibodies (Post and others 2009),
and that a high frequency of IFN-g-producing T cells is
associated with HCV clearance in patients recovered from

acute HCV infection (Ahlenstiel and others 2010). We
found that treatment with the standard therapy did not
significantly modulate the frequency of IFN-g + NK cells,
consistent with a previous report that the responses of
CHC patients to standard therapy are not associated with
an increase in the frequency of peripheral HCV-specific
IFN-g-secreting T cells in CHC patients (Rehermann and
Nascimbeni 2005). The low frequency of IFN-g-secreting
activated NK cells may reflect a rapid migration of acti-
vated NK cells into the liver in CHC patients or stem from
the high susceptibility of activated NK cells to apoptosis.
Alternatively, the low frequency of IFN-g-secreting NK
cells may be because high doses of IFN-a promote high
levels of STAT1 activation and IFN-a-induced modulation

FIG. 6. The association of
the frequency of inhibitory
receptor + NK cells with the
sustained virological re-
sponse (SVR) in CHC pa-
tients. Following treatment
with IFN, according to the
respond for treatment, these
patients were stratified into
the rapid virological response
(RVR), early virological re-
sponse (EVR) or SVR, non-
RVR, non-EVR, or non-SVR
groups, and their percentages
of activation and inhibitory
receptor + NK cells were an-
alyzed. Data are expressed as
mean values of individual
patients at the indicated time
points post-treatment. (A)
Comparing inhibitory recep-
tors on NK cell in responders
with that in nonresponders;
(B, C) the dynamic changes in
the percentages of KIR2DL3 +

NK cells in the SVR and non-
SVR groups of patients; (D,
E) the dynamic changes in the
percentages of NKG2A + NK
cells in the SVR and non-SVR
group of patients (*P < 0.5;
**P < 0.01).
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of STAT1/4 phosphorylation is the base of the polarization
of NK cells, which inhibits IFN-g expression and signaling
in NK cells (Vivier and others 2008; Vidal-Castineira and
others 2010). We are interested in further investigating the
mechanisms underlying the action of standard therapy in
the activation and migration of NK cells.

One important question is how the responses of individual
patients to the standard therapy are associated with the
change in the frequency of different subsets of NK cells. We
stratified the patients into the responder and nonresponder
groups (such as RVR, EVR, and SVR) and found that the
frequency of NKG2A + and KIR2DL3 + NK cells in the re-
sponder group was significantly higher than that in the
nonresponder group, especially in the EVR group. Moreover,
KIR2DL3 + NK cells in the SVR group were gradually de-
creased after treatment, but not NKG2A + NK cells. These
data are consistent with a previous report (Par and others
2006). It is substantiated that inhibitory signals are helpful to
activation of NK cells (Yamagiwa and others 2009). Knapp
confirmed that patients with KIR2DL3 and group 1 HLA-C
were more likely to acquire a SVR (Yoon and others 2009).
Interestingly, a recent study has shown that KIR2DL3 + NK
cells have a higher degranulation activity in patients with
self-limited HCV infection (Khakoo and others 2004). Indeed,
interaction of KIR2DL3-specific cells with HLA-C1 influences
resolution of HCV infection in some populations (Lavanchy
2009). In addition, the frequency of KIR2DL3 + NK cells is
associated with a satisfactory response to treatment in pa-
tients with HLA-C1 (Trobonjaca and others 2002). Interest-
ingly, previous evidences support the hypothesis that a
fraction of the CD56dimNKG2A + KIR + NK cells might be di-
rectly derived from CD56bright cells and CD56dimNKG2A -

KIR + NK cells were the NK cell terminal differentiation (Zhu
and others 2007). CD56dimNKG2A - KIR + cells acted as the
most differentiated phenotype associated with their partic-
ular ability to respond against HLA-E + target cells. The
hypothesis elucidated that CD56dimNKG2A + KIR + and
CD56dimNKG2A + KIR - NK cells are the metaphases of dif-
ferentiation phenotypes after stimulation, while in our
studies, we supposed that NKG2A + KIR2DL3 + NK cells
could have greater cytotoxicity, but NKG2A + KIR2DL3 - NK
cells would be relatively quiet after treatment. More evidence
should be provided to certify the above hypothesis. Never-
theless, the frequency of NKG2A + and KIR2DL3 + NK cells
may be a prognostic marker for the evaluation of individual
responses to the standard therapy in the clinic.

In summary, our data indicate that although the frequency
of NK cells in CHC patients is similar to that in healthy
controls, the percentages of CD56bright NK cells were signif-
icantly elevated after immunotherapy. Treatment with the
standard therapy increased the frequency of NK, TRAIL +

NK cells, and degranulated NK cells, but not IFN-g-secreting
NK cells, accompanied by the balance of activating recep-
tor + NK cells and inhibitory receptor + NK cells in CHC
patients; furthermore, NKp30 + and NKp46 + NK cells are
crucial for the clearance of HCV. In addition, we found that a
high frequency of NKG2A + and KIR2DL3 + NK cells is as-
sociated with SVR to the standard therapy in CHC patients.
Therefore, our findings provide new insights into the role of
NK cells in the therapeutic responses to the standard treat-
ment in CHC patients. We recognized that our study had
limitations of small sample size and the lack of analysis of
NK cells in the target tissue. Thus, further studies with a

large population combined with liver tissue analysis, to
validate the findings, are warranted.
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