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SUMMARY

 

CD3

 

–

 

CD56

 

+dim

 

 natural killer (NK) cells, which are cytotoxic against virally infected cells, may be impor-
tant in hepatitis C virus (HCV)-infected patients who are successfully treated with pegylated interferon
(PEG-IFN)-

 

a

 

. We used flow cytometry to enumerate activated (CD69

 

+

 

) and apoptotic (annexin-V

 

+

 

)
dim (CD3

 

–

 

CD56

 

+dim

 

) and bright (CD3

 

–

 

CD56

 

+bright

 

) NK cells obtained from HCV-infected patients
before treatment (

 

n

 

 = 16) and healthy controls (

 

n

 

 = 15) in the absence and presence of pegylated inter-
feron (PEG-IFN)-

 

a

 

-2b. A subset of HCV-infected patients, subsequently treated with PEG-IFN-

 

a

 

-2b

 

in vivo

 

, was determined to have a sustained virological response (SVR, 

 

n

 

 = 6) or to not respond (NR)
to treatment (

 

n

 

 = 5). In the absence of IFN, activated dim (CD3

 

–

 

CD56

 

+dim

 

 CD69

 

+

 

) NK cells were sig-
nificantly decreased (

 

P =

 

 0·04) while activated apoptotic dim (CD3

 

–

 

CD56

 

+dim

 

CD69

 

+

 

annexin-V

 

+

 

) NK
cells tended to be increased (

 

P =

 

 0·07) in SVR patients compared with NR patients. Activated bright
(CD3

 

–

 

CD56

 

+bright

 

CD69

 

+

 

) and activated apoptotic bright (CD3

 

–

 

CD56

 

+bright

 

CD69

 

+

 

annexin-V

 

+

 

) NK cells
were significantly correlated (

 

P =

 

 0·02 and 

 

P

 

 = 0·01, respectively) with increasing hepatic inflammation.
These findings suggest that in the absence of PEG-IFN, activated dim (CD3

 

–

 

CD56

 

+dim

 

CD69

 

+

 

) NK cell
turnover may be enhanced in SVR compared with NR patients and that activated bright (CD3

 

–

 

CD56

 

+bright

 

CD69

 

+

 

) NK cells may play a role in liver inflammation.
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a

 

INTRODUCTION

 

CD56

 

+

 

 natural killer (NK) cells, which comprise approximately
10% of human peripheral blood mononuclear cells (PBMCs) and
up to 30% of intrahepatic mononuclear cells [1], are critical for
innate antiviral host defence [2] since these cells have the capacity
to limit viremia before adaptive T and B cell antigen-specific
responses emerge. NK cells can be divided into two subsets, dim
and bright, according to CD56 surface density expression [3,4].
Dim (CD3

 

–

 

CD56

 

+dim

 

 CD16

 

+

 

) NK cells are cytolytic and comprise
more than 90% of CD3

 

–

 

CD56

 

+

 

 NK cells, whereas bright (CD3

 

–

 

CD56

 

+bright

 

 CD16

 

–

 

) NK cells are immunoregulatory principally
through cytokine production. Bright (CD3

 

–

 

CD56

 

+bright

 

) NK cells,
which lack perforin granules, display homing receptors required
for migration to secondary lymph nodes [5].

 

In vivo

 

, intrahepatic NK cell numbers and peripheral blood
NK cells expressing perforin are decreased suggesting that cyto-
toxic function may be altered in patients with chronic hepatitis C

virus (HCV) infection compared with healthy controls [6,7]. In
chronic HCV-infected patients who achieve a successful treat-
ment response with interferon (IFN), post-treatment intrahepatic
CD3

 

–

 

CD56

 

+

 

 cells are increased compared with nonresponder
patients [8]. The number of pretreatment NK cells is also
increased 3-fold in HIV/HCV coinfected patients who achieve an
early viral response with IFN-

 

a

 

 compared with NR patients [9]. 

 

In
vivo

 

, IFN-

 

a

 

 increases NK cell activation [10], augments NK cell
cytotoxicity by increasing perforin/granzyme release [11,12] and
promotes cytokine secretion (e.g. IFN-

 

g

 

, IL-10, IL-13, TNF-

 

b

 

,
GM-CSF) [13]. Recently, pegylated (PEG)-IFN-

 

a

 

, IFN-

 

a

 

 conju-
gated to polyethylene glycol, has replaced nonpegylated IFN-

 

a

 

as standard treatment for HCV [14,15]. To our knowledge, the
effects of PEG-IFN-

 

a

 

 on NK cell subsets in HCV-infected
patients have not been evaluated.

Since dim (CD3

 

–

 

CD56

 

+dim

 

) NK cells are primarily cytotoxic,
we hypothesized that these cells might be important mediators of
a therapeutic response to treatment with PEG-IFN-

 

a

 

. Addition-
ally, since IFN-

 

a

 

 augments NK cell cytotoxicity, we evaluated
whether PEG-IFN-

 

a

 

 would alter NK cell subsets 

 

in vitro

 

 or alter
expression of activation (CD69) or apoptotic (annexin-V) mark-
ers. In a preliminary study, we used PEG-IFN-

 

a

 

-2b 

 

in vitro

 

 to
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stimulate pretreatment peripheral blood mononuclear cells
(PBMCs) in a short-term culture system and flow cytometry to
enumerate activated and apoptotic dim (CD3

 

–

 

CD56

 

+dim

 

) and
bright (CD3

 

–

 

CD56

 

+bright

 

) NK cells. NK cell markers were evalu-
ated in pretreatment PBMCs from patients with chronic HCV
infection and in a subgroup of these patients who were subse-
quently treated with PEG-IFN-

 

a

 

. Treated patients could be char-
acterized as responders or nonresponders 

 

in vivo

 

 after treatment
as described below. Pretreatment NK cell percentages, the per-
centage of NK cell subsets and the percentage of activated and
apoptotic NK cells from responders and nonresponders were
compared to the larger group of patients with chronic HCV infec-
tion and to that of normal controls.

 

MATERIALS AND METHODS

 

Study subjects

 

PBMCs were obtained and isolated from 16 treatment-naïve,
chronic HCV-infected patients and 15 healthy controls in accor-
dance with a Weill Medical College of Cornell University Institu-
tional Review Board approved protocol. HCV-infected patients
were recruited from the clinical practice of one of the investiga-
tors (IMJ). Inclusion criteria specified that all patients be naïve to
anti-HCV treatment. PBMCs were obtained prior to initiation
of PEG-IFN-

 

a

 

-2b therapy and cryopreserved as previously
described [16]. Patients infected with HCV genotype 1 were sub-
sequently treated with PEG-IFN-

 

a

 

-2b and ribavirin for one year,
while those infected with HCV genotypes 2 or 3 were treated for
six months. Patients who had undetectable HCV RNA for at least
six months post treatment were classified as sustained viral
responders (SVR, 

 

n

 

 = 6) and those who had detectable HCV
RNA were classified as nonresponders (NR, 

 

n

 

 = 5). Five of the 16
HCV-infected patients remained treatment naïve. Study entry
also required that patients have a pretreatment liver biopsy.
Necroinflammatory grade and fibrosis stage were assessed using
the Metavir system [17].

 

PBMC thawing and incubation

 

Aliquots of 10 million PBMCs per patient were rapidly thawed at
37

 

∞

 

C, counted by haemocytometer using trypan blue dye exclu-
sion, diluted to 1·5 million lymphocytes/ml, aliquoted at one ml per
tube and cultured for 24 h at 37

 

∞

 

C in 5% CO

 

2

 

 without or with PEG-
IFN-

 

a

 

-2b 2·7 

 

m

 

g/ml (Schering-Plough, Kenilworth, NJ, USA), cho-
sen through dose-titration, PBMCs were incubated in RPMI-1640
(Seromed, Fakola, Basel, Switzerland), 10% fetal bovine serum
(Cellgro, Herndon, VA, USA), 2 m

 

M

 

 

 

L

 

-glutamine (Gibco,
Invitrogen, Carlsbad, CA, USA), 17·8 m

 

M

 

 NaHCO3, 1 m

 

M

 

 Na
pyruvate (Cellgro),  1% penicillin/streptomycin (Gibco),  25 m

 

M

D

 

-glucose, 10 m

 

M

 

 Hepes buffer (Sigma, St. Louis, MO, USA).

 

Surface staining and flow cytometry

 

Following incubation without or with PEG-IFN-

 

a

 

-2b, PBMCs
were removed, washed, and resuspended for staining. For each
experiment, cells were incubated with the appropriate antibodies
for four-colour flow cytometry: CD3-energy-coupled dye (ECD)
(clone UCHT1), CD56-phycoerythrin-cyanin 5·1 (PC5) (clone
N901), CD161-phycoerythrin (PE) (clone 191B8), CD4-PC5
(clone 13B8·2), and CD69-PE (clone TP1·55·3) (Immunotech,
Marseille, France) for 30 min at 4

 

∞

 

C. Cells were washed three
times with D-PBS, 0·5% BSA with 10 m

 

M

 

 NaN

 

3

 

 and resuspended
in annexin binding buffer (1·4 

 

M

 

 NaCl, 0·025 

 

M

 

 CaCl

 

2

 

, 0·1 

 

M

 

HEPES). To determine the level of apoptosis, PBMCs were incu-
bated with annexin-V conjugated to fluorescein isothiocyanate
(FITC) (Molecular Probes, Eugene, OR, USA) for 15 min in the
dark at room temperature. After staining, all samples were resus-
pended in annexin binding buffer and acquired on an EPICS
XL four-colour flow cytometer (Beckman-Coulter, Hialeah,
FL, USA). Isotype-matched negative control antibodies were
included in all experiments.

 

Analysis of flow cytometric data

 

A minimum of 10 000 events was acquired in the gating region
and analysed using WinMDI (Scripps Research Institute, La Jolla,
CA, USA). Total lymphocytes were identified by forward 

 

versus

 

side scatter. T-cells were identified by their CD3 bright side-scat-
ter-low profile. NK cells (CD56

 

+

 

CD3

 

–

 

) were determined by gating
on CD56

 

+

 

 cells and excluding CD3

 

+

 

 cells. CD56

 

+bright

 

 and CD56

 

+dim

 

cells were distinguished by CD56 fluorescence density, CD56

 

+bright

 

cells had a mean fluorescence channel of 

 

≥

 

613 and CD56

 

+dim

 

 cells
had a mean fluorescence channel of 612–303. Activated NK cells
were defined as CD3

 

–

 

CD56

 

+

 

CD69

 

+

 

 and activated apoptotic NK
cells were defined as CD3

 

–

 

CD56

 

+

 

CD69

 

+

 

annexin-V

 

+

 

. Gating was
determined on the basis of isotypic negative controls.

 

HCV genotyping and HCV RNA quantification

 

HCV genotypes were determined by sequencing the NS5B region
[18] and classified according to the method of Simmonds 

 

et al

 

.
[19,20]. HCV RNA levels were determined by the Roche Ampli-
cor assay (Version 2·0, Roche Diagnostics, Branchberg, NJ, USA)
with linear ranges from 10

 

3

 

 to 10

 

7

 

 HCV copies/ml. Samples above
1 million copies were not diluted.

 

Statistical analysis

 

Results are expressed as mean 

 

±

 

 standard error (SE). The effect
of PEG-IFN-

 

a

 

-2b on the percentage of cells within individual
strata and differences in the percentage of cells between patients
in different categories were assessed using the Wilcoxon signed-
rank and rank-sum tests, respectively (Version 4, STATA Corpo-
ration, College Station, TX, USA). The chi-squared test was used
to evaluate for significant associations between categorical vari-
ables. The association between necroinflammatory grade and the
percentage of CD3

 

–

 

CD56

 

+bright

 

 cells was assessed using the Spear-
man correlation coefficient and linear regression. All comparisons
were two-tailed and P £ 0·05 was considered significant.

RESULTS

Patient characteristics
No differences were observed between the naïve, nonresponder,
and sustained responder patient groups with regard to age, gen-
der, race, genotype, HCV RNA, fibrosis stage, necroinflammatory
grade, serum alanine aminotransferase (ALT) levels, and expo-
sure risk (Table 1). In general, patients who were sustained
responders were more likely to be infected with HCV genotype
non-1 compared with the naïve group as a whole and the nonre-
sponder group (P = 0·06).

Effect of PEG-IFN-a on NK cells and NK cell subsets
CD3-CD56± NK cells. CD3–CD56+ NK cells as a percentage

of lymphocytes did not differ significantly between healthy con-
trols, HCV-infected, and NR patients in the absence of IFN
(Table 2). SVR patients showed a lower percentage of CD3–
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Table 1. Patient clinical and virological characteristics

Controls
(n = 15)*

Naive
(n = 5)

Nonresponders
(n = 5)

Sustained responders
(n = 6) P-value†

Age (years; mean ± SE) 39·9 ± 2·8 51·4 ± 3·0 44·0 ± 6·0 51·7 ± 3·6 0·41
Gender

Male 5/11 (45%) 2/5 (40%) 2/5 (40%) 5/6 (83%) 0·24
Female 6/11 (55%) 3/5 (60%) 3/5 (60%) 1/6 (17%)

Race
Caucasian 2/11 (18%) 5/5 (100%) 5/5 (100%) 5/6 (83%) 0·41
African American 1/11 (9%)
Hispanic 4/11 (36%)
Asian 3/11 (27%) 1/6 (17%)

Genotype
Genotype 1 N/A 5/5 (100%) 5/5 (100%) 2/6 (33%) 0·06
Genotype 2,3 4/6 (67%)

HCV RNA (cps/ml)
≥1 million N/A 3/5 (60%) 5/5 (100%) 3/6 (50%) 0·18
<1 million 2/5 (40%) 3/6 (50%)

Fibrosis stage (Metavir)
Stage 0–2 N/A 5/5 (100%) 4/5 (80%) 3/6 (50%) 0·18
Stage 3–4 1/5 (20%) 3/6 (50%)

Necroinflammatory grade (Metavir)
Grade 0–2 N/A 4/5 (80%) 4/5 (80%) 6/6 (100%) 0·23
Grade 3–4 1/5 (20%) 1/5 (20%)

Mean serum ALT (U/l ±SE) N/A 56·4 ± 7 110·6 ± 35 171·7 ± 52 0·47
Exposure risk

Blood transfusion N/A 2/5 (40%) 2/5 (40%) 1/6 (17%) 0·50
IDU 2/5 (40%) 1/6 (17%)
Intranasal cocaine 1/6 (17%)
Tattoos 1/5 (20%)
Unknown 1/5 (20%) 2/5 (40%) 3/6 (50%)

*Clinical and demographic information available in only 11 controls. †c2 analysis was used between three HCV (+) groups: treatment naïve,
nonresponders, and sustained responders. SE, standard error;  IDU, injection drug use;  ALT, alanine aminotransferase;  cps, copies;  U/l, units/l.

Table 2. Mean percentage of total and activated NK cells without and with PEG-IFN stimulation in four patient groups

CD3– CD56+ cells Bright (CD3– CD56+bright) NK cells Dim (CD3– CD56+dim) NK cells 

Without 
PEG-IFN

With 
PEG-IFN P-value

Without 
PEG-IFN

With 
PEG-IFN P-value

Without 
PEG-IFN

With  
PEG-IFN P-value

Control
% Total 5·3 ± 0·5* 4·7 ± 0·5* 0·002 8·4 ± 1·1‡ 12·0 ± 1·8‡ 0·002 91·6 ± 1·1‡ 88·0 ± 1·8‡ 0·002
% CD69+ 60·6 ± 3·8† 91·2 ± 1·3† 0·001 42·1 ± 5·1§ 83·5 ± 3·5§ 0·001 62·7 ± 4·6§ 92·6 ± 1·2§ 0·001

HCV-infected
% Total 4·5 ± 0·5* 4·6 ± 0·5* 0·562 20·1 ± 3·5‡ 25·2 ± 3·8‡ 0·001 79·9 ± 3·5‡ 74·8 ± 3·8‡ 0·001
% CD69+ 45·9 ± 3·3† 82·6 ± 2·5† <0·001 29·7 ± 3·1§ 77·7 ± 3·6§ <0·001 49·6 ± 3·7§ 83·4 ± 2·6§ <0·001

NR
% Total 4·1 ± 0·5* 3·9 ± 0·5* 0·414 24·0 ± 6·3‡ 29·4 ± 6·2‡ 0·043 76·0 ± 6·3‡ 70·6 ± 6·2‡ 0·043
% CD69+ 47·5 ± 3·0† 78·3 ± 3·7† 0·043 33·4 ± 7·1§ 78·8 ± 5·1§ 0·043 51·8 ± 2·5§ 78·8 ± 4·8§ 0·043

SVR
% Total 3·0 ± 0·4* 3·6 ± 0·4* 0·126 18·4 ± 6·6‡ 24·6 ± 7·2‡ 0·028 81·7 ± 6·6‡ 75·4 ± 7·2‡ 0·028
% CD69+ 35·4 ± 4·1† 78·7 ± 4·2† 0·028 27·3 ± 2·3§ 68·1 ± 6·2§ 0·028 37·8 ± 4·9§ 80·7 ± 4·0§ 0·028

*Values refer to total CD3–CD56+ NK cells as a percentage of all lymphocytes. †Values refer to activated (CD3–CD56+CD69+) NK cells as a percentage
of total CD3–CD56+ NK cells. ‡Values refer to CD3–CD56+brght/dim cells as a percentage of total CD3–CD56+ NK cells. §Values refer to activated dim/bright
(CD3–CD56+bright/dimCD69+) NK cells as percentage of CD3–CD56+ bright or dim cells. All values represent mean± standard error and were compared using
the nonparametric signed-rank test. PEG-IFN, pegylated interferon; HCV, hepatitis C virus; NR, nonresponder; SVR, sustained virological responder
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CD56+ NK cells. After IFN stimulation, a slight but significant
decrease in CD3–CD56+ NK cells was observed in healthy control
PBMCs (5·3 ± 0·5–4·7 ± 0·5, P = 0·002), but not in the HCV-
infected patients.

CD3-CD56+bright and CD3-CD56+dim subsets. We then evalu-
ated the relative differences in the percentage of bright (CD3–

CD56+bright) and dim (CD3–CD56+dim) NK cells as a percentage of
all NK cells in all groups. In the HCV-infected patients, the per-
centage of bright (CD3–CD56+bright) NK cells was significantly
greater than in healthy controls both in the absence (20·1 ± 3·5
versus 8·4 ± 1·1, P = 0·004) and in the presence (25·2 ± 3·8 versus
12·0 ± 1·8, P = 0·006) of IFN stimulation (Fig. 1). CD56 geometric
mean fluorescence was also increased in HCV-infected patients
(data not shown). IFN-a significantly increased bright (CD3–

CD56+bright) NK cells in all patient groups and controls (Table 2).
Dim (CD3–CD56+dim) NK cells, which comprise the dominant sub-
set in all groups, were reduced in HCV-infected patients com-
pared to controls both in the absence (79·9 ± 3·5 versus 91·6 ± 1·1,
P = 0·004) and in the presence (74·8 ± 3·8 versus 88·0 ± 1·8,
P = 0·006) of IFN. IFN treatment reduced the mean percentage of
dim (CD3–CD56+dim) NK cells in all groups proportionately. Thus,
the overall effect of PEG-IFN-a-2b treatment in HCV-infected
patients was to increase the percentage of bright (CD3–

CD56+bright) NK cells (P = 0·001), which was associated with a
small decrease in the percentage of dim (CD3–CD56+dim) NK cells
(P = 0·001).

Differential effect of PEG-IFN on CD69 expression
HCV infection and healthy controls. As a measure of NK cell

activation, we assessed the change in CD69 surface expression on

CD3–CD56+ NK cells. Compared with healthy controls, HCV-
infected patients had fewer activated (CD3–CD56+CD69+) NK
cells as a percentage of all NK cells in the absence (45·9 ± 3·3 ver-
sus 60·6 ± 3·8, P = 0·009) and in the presence (82·6 ± 2·5 versus
91·2 ± 1·3, P = 0·008) of IFN (Fig. 2). We then evaluated the per-
centage of activated bright and dim (CD3–CD56+CD69+) NK cells
within each subset. HCV-infected patients had fewer activated
bright (CD3–CD56+brightCD69+) NK cells within the bright subset
in the absence of IFN (29·7 ± 3·1 versus 42·1 ± 3·1, P = 0·048).
After IFN stimulation, the level of activated bright (CD3–

CD56+brightCD69+) NK cells in both groups was equivalent (Fig. 2).
HCV-infected patients had a significantly smaller percentage of
activated dim (CD3–CD56+dimCD69+) NK cells as a percentage of
dim NK cells both in the absence (49·6 ± 3·7 versus 62·7 ± 4·6,
P = 0·040) and in the presence (83·4 ± 2·6 versus 92·6 ± 1·2,
P = 0·006) of IFN stimulation. Therefore, activated (CD3–

CD56+CD69+) NK cells, whether bright or dim, were reduced in
their respective subsets in the HCV-infected group compared
with controls. We also correlated NK cell subsets with the severity
of liver disease. Increasing necroinflammatory grade, assessed
using a five-point scale [17], correlated with increasing percentage
of activated bright (CD3–CD56+brightCD69+) NK cells (r = 0·6,
P = 0·02) (Table 3). The percentage of activated bright (CD3–

CD56+brightCD69+) NK cells increased by 11·6 ± 2·5% per increase
in grade (P = 0·001).

NR and SVR patients. Activated (CD3–CD56+CD69+) NK
cells as a percentage of all NK cells and activated dim (CD3–

CD56+dimCD69+) NK cells as a percentage of all dim cells were sig-
nificantly increased in the NR compared with the SVR group
without IFN stimulation (47·5 ± 3·0 versus 35·4 ± 4·1, P = 0·035)

Fig. 1. Bright (CD3–CD56+bright) NK cells without and with PEG-IFN-a. IFN-a induced increases in bright (CD3–CD56+bright) NK cells as
a percentage of total CD3–CD56+ NK cells in healthy controls and HCV-infected patients. HCV-infected patients had significantly greater
bright (CD3–CD56+bright) NK cells than healthy controls both without (P < 0·01) and with (P = 0·01) IFN stimulation. Error bars represent
standard error. Legend: Without IFN stimulation- healthy controls (white bar), HCV-infected (black hatched), nonresponder (NR) patients
(black vertical lines), sustained viral responder (SVR) patients (black horizontal lines). With IFN stimulation – healthy controls (grey bar),
HCV-infected patients (grey hatched), NR patients (grey vertical lines), SVR patients (grey horizontal lines).
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and (51·8 ± 2·5 versus 37·8 ± 4·9, P = 0·045) (Figs 3 and 4). The
SVR patients, however, had an enhanced response to IFN such
that both activated total (CD3–CD56+CD69+) and activated dim
(CD3–CD56+dimCD69+) NK cells were equivalent in both patient
groups with IFN stimulation.

Up-regulation of annexin-V on activated CD3-CD56+bright/dim

cells. We evaluated expression of annexin-V as an early marker
of programmed cell death [21] on activated (CD3–CD56+CD69+)
NK cells as a percentage of all NK cells (both bright and dim).
Activated apoptotic bright (CD3–CD56+brightCD69+annexin-V+)

Fig. 2. Activated total (CD3–CD56+CD69+), bright (CD3–CD56+brightCD69+), and dim (CD3–CD56+dimCD69+) NK cells without and with
PEG-IFN-a in healthy controls versus HCV-infected patients. Activated (CD3–CD56+CD69+) NK cells as a percentage of total CD3–CD56+

NK cells are decreased in HCV-infected patients (hatched) compared to healthy controls (white bar) both without (P = 0·01) and with
(P = 0·01) IFN-a stimulation. In the absence of PEG IFN, activated bright (CD3–CD56+brightCD69+) and dim (CD3–CD56+dimCD69+) NK
cells as a percentage of bright (CD3–CD56+bright) and dim (CD3–CD56+dim) NK cells, respectively, are decreased in HCV-infected patients
(black hatched) compared with healthy controls (open bar) (P = 0·05 and P = 0·04, respectively). Activated dim (CD3–CD56+dimCD69+)
cells are reduced in HCV-infected patients (grey hatched) compared with healthy controls (grey bar) with PEG IFN (P = 0·01). Error bars
represent standard error.
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Table 3. Correlation between activated NK cell subsets and activated apoptotic NK cell subsets and severity of liver disease*

Activated
(CD3– CD56+ 

CD69+)
NK cells

Activated bright 
(CD3– CD56+dim 

CD69+) 
NK cells

Activated dim
(CD3– CD56+bright 

CD69+)
NK cells

Activated
apoptotic bright
(CD3– CD56+bright

CD69+

annexin-V+)
NK cells

Activated
apoptotic dim

(CD3–CD56+dim 
CD69+annexin-V+)

 NK cells
Without 
PEG-IFN

With 
PEG-IFN

Without
PEG-IFN

With
PEG-IFN

Without 
PEG-IFN

With 
PEG-IFN

Fibrosis stage (rho, P) - 0·0, 0·91 - 0·2, 0·46 0·3, 0·25 - 0·3, 0·36 - 0·0, 0·91 - 0·3, 0·35 0·4, 0·11 0·4, 0·09
Necroinflammatory grade (rho, P)   0·2, 0·39 - 0·1, 0·71 0·6, 0·02   0·2, 0·37   0·3, 0·33 - 0·2, 0·42 0·6, 0·01 0·4, 0·17
Serum ALT (rho, P) - 0·3, 0·31 - 0·2, 0·42 - 0·01, 0·97 - 0·2, 0·57 - 0·4, 0·20 - 0·2, 0·48 0·2, 0·39 0·1, 0·82

*Spearman correlation coeffiecient. NK, natural killer; IFN, interferon; ALT, alanine aminotransferase
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NK cells were significantly increased in HCV-infected patients,
NR, and SVR patients compared to healthy controls in the
absence of IFN (P = 0·003, p = 0·020, P < 0·001, respectively)
(Fig. 4). No significant differences were observed between the
NR and SVR subgroups  with respect to activated apoptotic
bright (CD3–CD56+brightCD69+annexin-V+) NK cells. However,
activated apoptotic dim (CD3–CD56+dimCD69+annexin-V+) NK
cells as a percentage of all NK cells were increased in the SVR
patients compared with both NR and healthy controls in the
absence of IFN (45·9 ± 7·7 versus 28·4 ± 4·2, P = 0·068 and
45·9 ± 7·7 versus 28·0 ± 3·7, P = 0·040, respectively) (Fig. 4). We
also assessed the relationship between activated apoptotic NK
cell subsets and hepatic necroinflammatory grade assessed on a
five-point scale. The percentage of activated apoptotic bright
(CD3–CD56+brightCD69+annexin-V+) NK cells was correlated with
necroinflammatory grade (r = 0·6, P = 0·01). The percentage of
activated apoptotic bright (CD3–CD56+brightCD69+annexin-V+)
NK cells increased by 2·5 ± 0·7% per increase in grade
(P = 0·002).

DISCUSSION

In this study, we asked whether differences in NK cell subsets
would correlate with HCV treatment responses and whether
PEG-IFN-a stimulation in vitro would correlate with in vivo
responses to treatment with PEG-IFN-a-2b and ribivirin. We
found that SVR patients had significantly fewer activated dim
(CD3–CD56+dimCD69+) NK cells and tended to have increased
activated apoptotic dim (CD3–CD56+dimCD69+annexin-V+) NK
cells compared with NR patients. PEG-IFN-a significantly
increased the percentage of activated total (CD3–CD56+CD69+)

NK cells and activated bright and dim (CD3–CD56+bright/dimCD69+)
NK cell subsets in all groups. We also found a significant associa-
tion between activated bright (CD3–CD56+brightCD69+) NK cells
and activated apoptotic bright (CD3–CD56+brightCD69+annexin-
V+) NK cells and liver inflammation.

We cultured NK cells in vitro to evaluate the effect of PEG-
IFN-a-2b on activated and apoptotic bright (CD3–CD56+bright) and
dim (CD3–CD56+dim) NK cells obtained from chronic HCV-
infected patients prior to initiating therapy. To identify NK cells,
we used CD56 surface expression, a marker associated with IFN-
g secretion [22,23]. To identify activated cells, we used CD69 sur-
face expression, a marker of NK cell cytotoxicity [24,25]. We used
annexin-V, which binds to phosphatidylserine, to identify early
apoptotic cells [21]. Exposure of the membrane phospholipid,
phosphatidylserine, to the external cellular environment, where it
can bind to annexin-V, is an initial step in the apoptotic pathway
[26].

In these studies, we found that examination of NK cell subsets
(bright versus dim) revealed differences not seen when we eval-
uated NK cells as a whole. When CD56+ bright and dim subsets
were examined, the HCV-infected group had significantly more
bright cells compared to healthy controls. Activated CD56+dim

cells were significantly reduced in the SVR compared to the NR
group in the absence of IFN-a. PEG-IFN-a markedly increased
the percentage of activated (CD3–CD56+CD69+) NK cells in all
groups leading to a 2-fold increase in the SVR group. Interest-
ingly, activated apoptotic bright (CD3–CD56+brightCD69+annexin-
V+) NK cells were significantly increased in all three HCV-
infected groups compared with controls. Activated apoptotic dim
(CD3–CD56+dimCD69+annexin-V+) NK cells as a percentage of all
NK cells were similar between NR and control groups in the

Table 4. Association between activated apoptotic NK cell subsets and treatment response characteristics*

HCV RNA† HCV genotype Virological response‡

<1 ¥ 106 ≥1 ¥ 106 P-value
Genotype

1
Genotype

non1 P-value NR SVR P-value

Activated (CD3–CD56+CD69+) NK cells‡
Without PEG-IFN 38·7 ± 5·1 49·2 ± 4·0 0·08 42·9 ± 4·0 48·2 ± 5·1 0·30 47·5 ± 3·0 35·4 ± 4·1 0·04
With PEG-IFN 82·3 ± 3·5 82·7 ± 3·3 0·73 77·2 ± 3·6 86·8 ± 2·7 0·57 78·3 ± 3·7 78·7 ± 4·2 1·00

Activated bright (CD3–CD56+brightCD69+) 
NK cells‡
Without PEG-IFN 28·8 ± 4·7 30·1 ± 4·2 0·78 30·4 ± 5·4 29·1 ± 4·0 0·85 33·4 ± 7·1 27·3 ± 2·3 0·47
With PEG-IFN 74·4 ± 9·4 79·1 ± 3·4 0·69 76·7 ± 4·4 78·4 ± 5·6 0·94 78·8 ± 5·1 68·1 ± 6·3 0·20

Activated dim (CD3–CD56+dimCD69+) 
NK cells‡
Without PEG-IFN 41·7 ± 6·2 53·2 ± 4·3 0·13 46·3 ± 4·3 52·1 ± 5·7 0·34 51·8 ± 2·5 37·8 ± 4·9 0·04
With PEG-IFN 83·4 ± 2·5 83·4 ± 3·6 0·73 77·3 ± 4·0 88·2 ± 2·4 0·29 78·1 ± 4·8 80·7 ± 4·0 0·52

Activated apoptotic bright 4·1 ± 1·3 3·6 ± 0·9 0·78 4·1 ± 1·2 3·6 ± 1·0 0·75 4·5 ± 1·7 4·2 ± 0·8 0·65
(CD3–CD56+brightCD69+annexin-V+)
NK cells¶

Activated apoptotic dim 32·6 ± 9·1 34·2 ± 4·4 0·53 35·3 ± 6·5 32·4 ± 5·2 0·63 28·4 ± 4·2 45·9 ± 7·7 0·07
(CD3–CD56+dimCD69+annexin-V+)
 NK cells¶

*All values represent mean+-standard error and were compared using Wilcoxon rank sum analysis. †HCV RNA categorized by greater or less than 1
million copies/ml (upper limit of assay detection). ‡Only includes patients with known response to therapy (n = 11) ‡Given as percentage annexin-V+

cells out of total of respective subset cell population ¶Given as percentage annexin-V+ cells of total CD3–CD56+ NK cell population  NK, natural killer;
HCV, hepatitis C virus; NR, nonresponder; SVR, sustained virological responder; PEG-IFN, pegylated-interferon
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Fig. 3. Activated total (CD3–CD56+CD69+), bright (CD3–CD56+brightCD69+), and dim (CD3–CD56+dimCD69+) NK cells in NR versus SVR
patients. NR patients (black vertical lines) had more activated (CD3–CD56+CD69+) NK cells as a percentage of total CD3–CD56+ cells and
activated dim (CD3–CD56+dimCD69+) cells as a percentage of total dim (CD3–CD56+dim) NK cells in the absence of IFN-a stimulation than
SVR patients (black horizontal lines) (P = 0·04 and P = 0·05, respectively). IFN-induced activation of CD3–CD56+ NK cells and dim (CD3–

CD56+dim) NK cells tended to be greater in SVR patients (grey horizontal lines) compared to NR patients (grey vertical lines) (P = 0·10
and P = 0·10, respectively). Error bars represent standard error.
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absence of IFN stimulation, but higher in SVR compared to con-
trols and NR patients.

In agreement with others, we found that CD3–CD56+ NK cells
are decreased in HCV-infected patients [6,27]. Furthermore, we
found that without PEG-IFN-a-2b stimulation, HCV-infected
patients had fewer activated NK cells, activated bright (CD3–

CD56+brightCD69+) and activated dim (CD3–CD56+dimCD69+) NK
cells compared to controls, suggesting that chronic HCV infection
may alter both the immunoregulatory and the cytotoxic function
of NK cells. Decreased activated dim (CD3–CD56+dimCD69+) NK
cells and increased activated apoptotic dim (CD3–CD56+

dimCD69+annexin-V+) NK cells in SVR patients may indicate that
dim (CD3–CD56+dim) NK cell turnover is enhanced in these
patients. IFN-a increases CD3–CD56+ cytotoxicity [11] and IFN-g
secretion [13]. By increasing dim NK cell activation and augment-
ing NK cell cytotoxicity by increasing perforin/granzyme release
[11], PEG-IFN-a may augment the process leading to a decrease
in HCV RNA. Freshly isolated hepatic NK cells have been shown
to be cytotoxic against an NK cell line [28]. In mouse cytomega-
lovirus infection, NK cell activation is required for virus control,
and the virus has evolved mechanisms by which to inhibit NK cell
activation [29–31]. In vitro, HCV core protein can up-regulate
major histocompatibility complex (MHC) class I expression
resulting in significantly down-regulated NK cytotoxic activity
[32]. We also evaluated CD3–CD161+ cells and found that CD161
expression did not differ between any of our patient groups (data
not shown), corroborating results from others [27], suggesting
that changes in CD161 expression are not associated with HCV
clearance.

Nonspecific hepatic inflammation is associated with hepatic
fibrosis [17]. We found that bright (CD3–CD56+bright) NK cells
were increased 2-fold in HCV-infected patients compared with
controls. Furthermore, increasing activated bright (CD3–

CD56+brightCD69+) NK cells and increasing activated apoptotic
bright (CD3–CD56+brightCD69+annexin-V+) NK cells were both
significantly associated with increasing hepatic necroinflamma-
tory grade. To our knowledge, this is the first report associat-
ing NK cell subsets with hepatic inflammation. These findings
suggest that NK cells may be important regulators of hepatic
processes. Decreased numbers of hepatic CD56+ NK cells
observed in late-stage HCV disease may be a risk factor for
the development of hepatocellular carcinoma [33]. In addition,
increased peripheral blood and intrahepatic CD56+ T cells cor-
relate with hepatic inflammation in chronic HCV infection
[34,35]. Bright (CD3–CD56+brightCD16–) NK cells, which express
the MHC common allelic determinants C94/NKG2A and lack
natural killer inhibitory receptors (KIRs), are immunoregula-
tory and are potent producers of proinflammatory cytokines
(interferon-g and tumour necrosis factor-a) [36]. In contrast,
dim (CD3–CD56+dim CD16+) NK cells, a subset of which
expresses allele-specific MHC class I KIRs, are principally
cytotoxic [36].

In summary in this preliminary study, we found that patients
who achieved a successful response to treatment for HCV had
fewer activated dim (CD3–CD56+dimCD69+) NK cells and
increased numbers of activated apoptotic dim (CD3–CD56+

dimCD69+annexin-V+) NK cells compared to NR patients and
healthy controls. In addition, compared with NR patients, SVR
patients may have enhanced ability to respond to PEG-IFN. Fur-
ther studies should evaluate activated dim (CD3–CD56+dimCD69+)
NK cell turnover and assess activated dim (CD3–CD56+dimCD69+)

NK cell functionality in relationship to a response to HCV
treatment.
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