Suez Canal University Medical Journal Vol. 19 (2), 2016

Pages 107-116

Review Article

Natural Killer Cells in Hepatitis C Virus Infection

Rania M. Saleh

Department of Clinical Pathology, Faculty of Medicine, Suez Canal University, Egypt

Abstract

Natural Killer (NK) cells account for the majority of innate immune cells in the human liver (the
primary site of HCV replication). CD3°CD56" NK cells are significantly increased in the liver com-
pared to the peripheral blood although this becomes especially evident in chronic HCV infection.
NK cells have been implicated in all stages of HCV infection in both genetic and functional studies.
This role may be either direct, by targeting infected hepatocytes, or indirect by influencing other
key immunocytes such as dendritic cells (DCs) or T cells. Hepatotropic viruses such as HCV induce
production of type I Interferon (IFN) by hepatocytes and other cells in the liver, which in turn
promotes infiltration of NK cells in virus infected livers. Production of type I IFN and other cyto-
kines (including Interleukin (IL)-12, IL-15, and IL-18) by hepatocytes activates NK cells and induces
IFN-y production by them, which recruits activated T cells to the liver. It has been shown in animal
models that depletion of NK cells before hepatotropic viral infection leads to inhibition of a virus-
specific T cell response, as well as inhibition of liver injury. It is possible that an adequate NK cell
response may control HCV infection, even in the absence of virus-specific immune responses. NK
cells have direct antiviral effects which are mediated by direct cytolytic (e.g., TRAIL or perforin
mediated) or non-cytolytic (e.g., IFN-y mediated) effector functions. Understanding the mecha-
nisms by which HCV is successfully eradicated is especially important for therapeutic and vaccina-
tion strategies.
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Thee major subset of NK cells (290%) in pe-
ripheral blood dimly expresses CD56 and
shows co-expression of CD16 with a low af-
finity Fc receptor for the 1gG (CD56*dm
CD16* cells). It represents about 7% (2-14%)

NK Cell Subtypes

NK cells are large granular lymphocytes
(LGL) constitute about 5-20% of peripheral
blood mononuclear cells (PBMCs). Their

immunophenotype is usually described as
(Ds56%, and CD3(). According to the ex-
pression of CD56, CD16 differentiation an-
tigens and functional features, NK cells are
further subdivided to several subsets(). NK
cells express CD56, the 140-kD isoform of
the neural cell adhesion molecule (NCAM).
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of all PBMCs. They have homing markers
for inflamed peripheral sites. They exhibit
strong antibody-dependent cell-mediated
cytotoxicity (ADCC) and natural cell-medi-
ated cytotoxicity but have low cytokine
production capacity®. Another subset of
NK cells is characterized by high expres-
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sion of CD56 and is negative for CD16
(CD56*re"t CD16" cells). These are a minor
subset of NK cells in peripheral blood (10%)
and represent about 1-2% of all PBMCsG). It
is regarded as a less mature subset. They
express homing markers for secondary
lymphoid tissues where they accumulate
and are found predominantly in the liver.
They have an immunoregulatory role as
they have high cytokine production capac-
ity. They secrete interferon (IFN)-y as well
as Tumor Necrosis Factor (TNF)-a, Granulo-
cyte Monocyte Colony Stimulating Factor
(GM-CSF), Interleukin (IL)-10 and IL-13. It
has been shown that CD56*"&"t cells may
transform into CD56*4™ ones. Moreover,
CD56*4™ cells can also produce the men-
tioned cytokine®. In addition, CD56°CD16*
subset of NK cells may also be found, but
their function remains unclear®. Recent
data suggest that CD56° NK cells exhibit
functional skewing manifested by low ca-
pacity to produce IFN-y, and to degranu-
late, but may release significant amounts
of chemokines such as MIP-1 a/CCL3 (Mac-
rophage Inflammatory Protein-1), MIP-
1B/CCL4 and RANTES/CCL5 (Regulated on
Activation, Normal T Expressed and Se-
creted)®),

NK Cell Receptors

Three groups of NK cell receptors have
been distinguished: killer immunoglobulin-
like receptors (KIRs), lectin-like receptors
(e.g. NKG2D and CD94-NKG2A-F), natural
cytotoxicity receptors (NCRs) and LIR (leu-
kocyte inhibitory receptors)?). The main
activating NK cell receptors are NKG2D and
the natural cytotoxicity receptors (NCRs)
while the inhibitory receptors are
CD94/NKG2A and KIRs®. Ligands of KIRs
are predominantly alleles of MHC class |
molecules (classical MHC class 1) such as
HLA (human leucocyte antigen), mainly

HLA-C antigens. Ligands of lectin-like
CD94-NKG2A-F receptors are HLA-E anti-
gens connected with HLA-A, -B, -C or -G
leader peptide (non-classical MHC class I)
While MIC-A, MIC-B (MHC-class I-related
chain) are ligands of lectin-like NKG2D. Nat-
ural cytotoxicity (NKp30, NKp44, NKp46,
and NKp80) receptors have various lig-
ands, some unknown, but the most im-
portant are apparently viral hemaggluti-
nins®. The CD569™ NK subset express
higher levels of KIRs, CD16 and perforin.
The CD56P8" subset express a high level
of the inhibitory receptor CD94:NKG2A and
generally do not express KIRs or CD16(1°), In
molecular terms, the difference between
activating and inhibitory receptors is ex-
pressed in the cell cytoplasmic tails—the
long immunoreceptor tyrosine-based inhi-
bition motifs (ITIMs) mediate inhibitory
signals, while the short immunoreceptor
tyrosine-based activation motifs (ITAMs)
are responsible for activating signals(™. NK
cell function is critically regulated by com-
binations of stimulatory, co-stimulatory
and inhibitory receptors. The net balance
of signals derived from these receptors de-
termines whether the NK cell becomes ac-
tivated(®).

Physiological Function of NK cells

1. Cytolytic granule mediated cell apoptosis:
NK cells are cytotoxic; small granules in
their cytoplasm contain proteins such as
perforin, granzymes, and proteases. Upon
release in close proximity to a cell slated
for killing, perforin forms pores in the cell
membrane of the target cell, creating an
aqueous channel through which the
granzymes and associated molecules can
enter, inducing either apoptosis or osmotic
cell lysis. The distinction between apopto-
sis and cell lysis is that: lysing a virus-in-
fected cell could potentially only release
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the virions, whereas apoptosis leads to de-
struction of the virus inside. Apoptosis can
be mediated by degranulation of cytotoxic
granules, and by surface expression of lig-
ands such as Fas ligand (FasL) and TRAIL
(TNF-related apoptosis-inducing ligand)
that activate death receptors on target
cells. Antimicrobial molecules, a-defensins,
are also secreted by NK cells, and directly
kill bacteria by disrupting their cell walls(3),

2. Antibody-dependent cell-mediated cyto-
toxicity:

Infected cells are routinely opsonized with
antibodies for detection by immune cells.
Antibodies that bind to antigens can be
recognised by FcyRIIlI (CD16) receptors ex-
pressed on NK cells, resulting in NK activa-
tion, release of cytolytic granules and con-
sequent cell apoptosis(4),

3. Cytokine-induced NK and cytotoxic T lym-
phocytes (CTL) activation
Cytokines play a crucial role in NK cell acti-
vation. As they released by cells upon viral
infection, they serve to signal to the NK cell
the presence of viral pathogens in the af-
fected area. Cytokines involved in NK acti-
vation include IL-12, IL-15, IL-18, IL-2, and
RANTES/CCL5(5). NK cells are activated in
response to interferons or macrophage-
derived cytokines. They serve to contain vi-
ral infections while the adaptive immune
response generates antigen-specific CTL
that can clear the infection. NK cells work
to control viral infections by secreting T-
helper 1 (Th1) cytokines; IFN-y and TNF-a.
Th1 type cytokines can prime the adaptive
immune response and IFN-y, in particular,
can have a direct antiviral effect. IFN-y also
activates macrophages for phagocytosis
and lysis, and TNF-a acts to promote direct
NK tumor cell killing(®). NK cells play a ma-
jor role in viral infections, predominantly in
the early phase. Following recognition of

infected cells as non-self via activating re-
ceptors, the response of NK cells is further
enhanced by at least two cytokines—IL-12
released by dendritic cells (DCs) and mon-
ocytes, and IFN-y secreted by T cells and
activated NK cells themselves. Further-
more, type | IFNs secreted by virus-in-
fected cells augment NK cell cytotoxi-
city(7),

4. Missing 'self' hypothesis

NK cells function to sense pathogen, in-
fected and/or transformed cells, and to
eliminate them from the body following
their activation. In contrast to T and B cells,
the NK cells do not require prior sensitiza-
tion. NK cells are equipped into various re-
ceptors, allowing them to recognize self
from non-self and unchanged healthy cells
known as "missing-self hypothesis"(®), The
inhibitory receptors of NK cells recognize
MHC (Major Histocompatibility Complex)
class | alleles. MHC class | molecules are the
main mechanism by which cells display vi-
ral or tumor antigens to cytotoxic T cells. A
common evolutionary adaptation to this is
seen in both intracellular microbes and tu-
mors: the chronic down-regulation of MHC
| molecules, which makes affected cells in-
visible to T cells, allowing them to evade T
cell-mediated immunity. NK cells evolved
as an evolutionary response to this adapta-
tion (the loss of the MHC eliminates
CD4/CD8 action), so NK cells evolved to ful-
fill the function(®),

5. Tumor cell surveillance:

NK cells play a role in tumor immuno-sur-
veillance by directly inducing the death of
tumor cells (NK cells act as cytolytic effec-
tor lymphocytes), even in the absence of
surface adhesion molecules and antigenic
peptides. This role of NK cells is critical to
immune success particularly because T
cells are unable to recognize pathogens in
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the absence of surface antigens. Tumor
cell detection results in activation of NK
cells and consequent cytokine production
and release(. If tumor cells do not cause
inflammation, they will also be regarded as
self and will not induce a T cell response. A
number of cytokines are produced by NKs,
including TNF-a, IFN-y, and IL-10. TNF-a and
IL-10 act as proinflammatory and immuno-
suppressors, respectively. The activation
of NK cells and subsequent production of
cytolytic effector cells impacts macro-
phages, dendritic cells, and neutrophils,
which subsequently enables antigen-spec-
ific T and B cell responses. Instead of acting
via antigen-specific receptors, lysis of tu-
mor cells by NK cells is mediated by alter-
native receptors, including NKG2D, NKp44,
NKp46, NKp30, and DNAM (DNAX Acces-
sory Molecule). NKG2D is a disulfide-linked
homodimer which recognizes a number of
ligands, including ULBP and MICA, which
are typically expressed on tumor cells®),
NK cells express the Fc receptor (FcR), an
activating biochemical receptor that binds
the Fc portion of antibodies. This allows NK
cells to target cells against which a hu-
moral response has been mobilized and to
lyse cells through ADCC. This response de-
pends on the affinity of the Fc receptor ex-
pressed on NK cells, which can have high,
intermediate, and low affinity for the Fc
portion of the antibody or 1gG").

6. Adaptive features of NK cells - "memory-
like" and memory NK cells
The ability to generate memory cells fol-
lowing a primary infection and the conse-
quent rapid immune activation and re-
sponse to succeeding infections by the
same antigen is fundamental to the role T
and B cells play in the adaptive immune re-
sponse(). For many years, NK cells have
been considered to be a part of the innate

immune system. However, recently in-
creasing evidence suggests that NK cells
can display several features that are usu-
ally attributed to adaptive immune cells
(e.g. T cell responses) such as expansion
and contraction of subsets, increased lon-
gevity and a form of immunological
memory, characterized by a more potent
response upon secondary challenge with
the same antigen. In addition to, antigen-
specific recall responses to some hap-
tens(?°), The antigen specificity appeared
to be supported by some RAG-1 and RAG-2
(recombination-activating genes)-indpen-
dent mechanisms and consequently mice
were able to express NK cells memory fol-
lowing viral infection®). Moreover, NK
cells appear to be involved in a close bi-di-
rectional cross-talk with DCs. Activated NK
cells enhance DC maturation and produc-
tion of IL-12. Reciprocally, DCs augment cy-
totoxicity of NK cells. These interactions
are mainly cell-contact dependent. Mature
myeloid DCs (MDCs) are a major source of
[L-12 which enhances NK cell-mediated cy-
totoxicity and IFN-y production®?. While
Plasmacytoid DCs (PDCs) secrete Type |
IFN which is crucial for DC-induced NK-cell
activation and have an important role in
the induction of NK cell cytotoxicity by
modulating the expression of ligands for
the NK cell receptor NKG2D. Also PDCs
when activated by virus express the ligand
for glucocorticoid-induced tumor necrosis
factor receptor (GITR). The latter, in syn-
ergy with IL-2, IFN-a and some KIRs trig-
gers NK cell cytotoxicity and IFN-y secre-
tion due to GITR expression on NK cells.
DCs may also activate NK cells indirectly by
promoting the expansion of antigen-spe-
cific T cells, which secrete IL-2, which in
turn activates NK cells(3),

NK Cells and HCV Infection
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Human NK cells co-cultured with HCV repli-
con inhibit the replicon expression at pro-
tein and RNA levels by secreting antiviral
factors, including IFN-y. Thus, NK cells
could contribute towards control of HCV
replication®4). NK cells have direct antiviral
effects which are mediated by direct cyto-
lytic (e.g., TRAIL or perforin mediated) or
non-cytolytic (e.g., IFN-y mediated) effec-
tor functions®®. NK cells were originally
implicated in determining the outcome of
HCV infection in an immunogenetic study
of the KIR genes and their HLA-C lig-
ands®®), KIR2DL3, an inhibitory receptor,
binds to MHC molecules encoded by HLA-C
group 1 alleles (HLA-C1), triggering a com-
paratively weak inhibitory signal which di-
rectly influence resolution of HCV infection
in patients homozygous for these genes
because the KIR2DL3 binds HLA-C with a
lower avidity than other inhibitory KIR, and
thus NK cells expressing this specific inhib-
itory receptor have a lower threshold for
activation®”),  Furthermore, KIR2DL3*-
NKG2A" NK cells are not inhibited in the
presence of the NKG2A ligand HLA-E,
which is upregulated in the liver during
HCV infection. These have been suggested
to control early HCV infection prior to sero-
conversion and may thus result in an appar-
ent state of ‘“natural resistance” to HCV in
persons who inject drugs®®. Similarly, a
number of cytokines involved in NK activa-
tion or function have been implicated in
the outcome of HCV infection. These in-
clude the NK cells associated cytokines IL-
12, 1L-18 and IFN-y(9), The type Ill interferon
IL-28B (IFN-A3) has received much atten-
tion as a mediator of clearance of HCV. Itis
not known whether IL-28B has a similar or
complementary functions to the type | in-
terferon, IFN-a, which is involved in NK cell
activation. However, as these molecules
share common signaling pathways there is

likely to be at least some overlap in func-
tionG9),

Role of NK Cells in the Early Phase of
HCV infection

NK cells are activated in the acute phase of
HCVinfection. Downregulation of MHC | on
virus-infected hepatocytes may reduce the
inhibitory signal to NK cells, shifting the
balance towards NK cell activation. DCs en-
gage with NK cells via the NKp3o0 receptor,
and produce cytokines which boost NK cell
proliferation towards an ‘NK1’ phenotype.
Activated NK1 cells produce cytokines such
as IFN-y and TNF-a which suppress HCV
replication, reciprocally activate DCs, and
prime naive CD4 T cells inducing a Th-1 re-
sponse(™), A possible role of NK cells in HCV
is further supported by the finding that
they are activated in acutely infected sub-
jects, as determined by an increased ex-
pression of the activating receptor NKG2D
on both CD56"8" and CD569™ subsets of
NK cells that is accompanied by an in-
creased production of IFN-y and cytotoxi-
city. NK cell responses are also linked with
T cell responses, e.g., increased degranula-
tion of NK cells during acute HCV has been
shown to correlate with the magnitude of
virus-specific T cell responses. Also, an acti-
vated multifunctional NK cell response,
i.e., cytotoxicity and IFN-y production, has
been reported early after HCV exposure in
healthcare workers who do not develop
acute infection, suggesting an important
contribution to the prevention of high level
viremiaG", Amadei et alG" also reported an
increase in CD56°78" NK cells (with an as-
sociated reduction in the CD569™ subset)
in acute HCV patients compared to healthy
individuals. Individuals who spontaneously
cleared the virus showed a decline in the
CD56°18t population, with levels compara
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ble to healthy control individuals after 1-3
months, indicating a return to baseline
which was not observed in those that went
on to have a chronic infection. Expression
of the activating receptor NKG2D was also
increased in the acute phase of infection.
Functional experiments showed aug-
mented IFN-y production and cytotoxicity
in these patients and a trend for more NK
cell degranulation in individuals expressing
HLA-C1 specific KIR receptors, which was
maximal in those with self-limiting infec-
tion. Thus in the acute phase of HCV infec-
tion there is activation of NK cells indicat-
ing their role in the immune response at
this stage. Pelletier et al (2010)3% have
also studied individuals in the acute phase
of HCV infection. They also found in-
creased activity of NK cells as determined
by a degranulation assay, but found that
the NK cells from intravenous drug users
had generally lower levels of IFN-y secre-
tion as compared to healthy controls, and
suggest that this may be related to opioid
use. They found that the levels of the inhib-
itory receptor NKG2A, declined on
CD56P8Mt NK cells during the follow-up
phase in those spontaneously resolving in-
fection only. Furthermore they were able
to correlate NK cell activity with T cell ac-
tivity, implying a coordinated innate and
adaptive immune response to acute HCV
infection. Thus, there is activation of NK
cells in the acute phase of HCV infection,
which declines in those clearing HCV and
persists in those remaining chronically in-
fected. However, HCV has the ability to in-
terfere with the action of NK cells and com-
promise their functions. A report suggests
that NS5A-containing apoptotic bodies can
trigger monocytes to produce increased
amounts of IL-10 and decreased levels of
IL-12. In consequence, this leads to a signif-
icant down-regulation of NKG2D on NK
cells via Transforming Growth Factor-f

(TGF-B)33). Another proposed mechanism
for HCV-induced NK cell inhibition is cross-
linking of CD81 by the HCV envelope pro-
tein E2. It has been shown that engage-
ment of this tetraspanin on the surface of
NK cells exerted an inhibitory effect, lead-
ing to inhibition of NK cytotoxicity as well
as CD16- or IL-2-induced IFN-y secretion by
NK cells. The findings suggested a direct
impairment of NK cell functions through di-
rect contact with HCV virions or HCV-in-
fected cells. It was observed that cell-to-
cell contact with HCV-infected cells re-
duces functional capacity of NK cells alt-
hough NK cell function remains intact after
exposure to infectious virus. Also HCV me-
diated inhibition of NK cell mediated aug-
mentation of complement synthesis has
also been reported4),

NK cell Responses in Chronic HCV In-
fection

In chronic HCV infection, NK cells are acti-
vated but may display alterations in pheno-
type and function. For example, NK cells
from chronically HCV infected patients ex-
press higher levels of several activating re-
ceptors, such as NKp3o, NKp44 and
NKp4685). Chronic exposure of NK cells to
endogenous IFN-a can result in increased
STAT expression, and preferentially STAT1
over STAT4 phosphorylationG®), NK cells in
chronically infected patients, are impaired
in their antiviral effector function due to
impaired ability to secrete IFN-y. Im-
portantly, IFN-y production by NK cells in
response to HCV-infection is dependent on
accessory cells, such as monocytes and
plasmacytoid dendritic cellsG7). Peripheral
blood NK cell frequencies are reduced in
chronic HCV compared to healthy individu-
als. This reduction may be a consequence
of HCV infection, or a predisposing factor
to chronic HCV infection. In individuals
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with chronic HCV infection, NK cell fre-
quency increases following successful anti-
viral therapy while a reduction in periph-
eral blood NK cell frequency in individuals
with chronic HCV as compared to sponta-
neous resolvers has also been noted®), |L-
15, a pivotal cytokine for NK cell develop-
ment, proliferation and function, may be
relevant to this observation. Meier et al
(2005)39 showed a significant reduction in
IL-15 levels in HCV patients as compared to
healthy controls and demonstrated that
exogenous IL-15 rescued HCV-NK cells from
apoptosis, increasing ex vivo proliferation
and function. Furthermore, DCs are an im-
portant source of IL-15 and have been
shown to cross-talk with NK cells. In
chronic HCV infection IL-15 production by
IFN-a-stimulated DCs is deficient. Thus a
downstream consequence of this DC dys-
function could be inadequate production
or proliferation of NK cells(4),

e Skewing of subset distribution

A relative increase in circulating CD56°8",
but not CD569™ NK cells, in chronic HCV
compared to healthy individuals and spon-
taneous resolvers(4 42), CD56CD16* NK
cells appear to be more terminally differen-
tiated NK cells and there is an expansion of
this subset in chronic HCV infection. These
cells have reduced perforin expression as
compared with CD569™ NK cells and have
been shown to be hypofunctional, particu-
larly in their interactions with dendritic
cells®3), In HCV, chemokine production by
CD56'CD16* NK cells was skewed towards
MIP-1b, and there was also a reduction in
IFN-y and TNF-a secretion compared to the
CDs56* NK population. Thus, overall, there
is a skewing of NK cells away from the
CD569™ CD16* subset, which is thought to
be the main cytotoxic subset of NK cells.
This may be an effect of IFN-q, as there is a
strong IFN-a response to HCV infection,

and therapy with pegylated IFN-a and rib-
avirin leads to an increase in CD56""8" and
a decline in CD569™ NK cells(38),

e Alterations in phenotype

Changes in phenotype may reflect changes
in subset distribution and also the effect of
cytokines on specific subsets of NK cells.
CD56P8M NK cells are KIR-negative and
NKG2A-positive, and the most consistent
finding has been an increase in NKG2A ex-
pression in chronic HCV infection. This oc-
curs on both intrahepatic and peripheral
blood NK populations(44 38),

e Altered function

There is diminished natural cytotoxicity in
chronic HCV which is restored by success-
ful HCV clearance with IFN-a and ribavirin
therapy(45). However, the number of cyto-
toxic CD569™M NK cells in the peripheral
blood is depressed. There is greater ex-
pression of activation markers such as
CD122 (a subunit of IL-2 receptor which is
crucial for IL-2 and IL-15 signaling), CD69,
and NKp44. NK cell TRAIL expression is in-
creased in chronic HCV, and these cells
have a phenotype consistent with IFN-a
stimulation. Upregulation of TRAIL on NK
cells may also be an important mechanism
underlying the anti-HCV effect of NK
cells(4®), A change in the cytokine profile of
NK cells in chronic HCV may be relevant to
the persistence of HCV infection. Failure of
NK cell production of IFN-y in chronic HCV
has been reported®. IFN-y has potent di-
rect anti-HCV properties, blocking HCV rep-
lication in a dose-dependent manner. IFN-y
also indirectly suppresses HCV activity by
polarizing T cell differentiation towards a
virus specific Th1 phenotype#?). Addition-
ally, increased HCV-NK cell production of
Th2 cytokines such as IL-10 and TGF-B, and
the chemokine IL-8, may skew the cytokine
profile towards an environment which is
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more permissive for HCV. This phenotype,
is similar to the NK2 phenotype in which NK
cells secrete the Th2 cytokines IL-5 andIL-
13. In vitro NK cells can be polarized to-
wards this phenotype under the influence
of IL-4. Thus the Th2 environment found in
chronic HCV infection may affect the differ-
entiation and maturation of NK cells, to-
wards this NK2 phenotype which further
contributes to the Th2 environment in a
positive feedback loop. This polarization
may occur eitherin the periphery, or within
the liver microenvironment. Thus the cyto-
kine microenvironment may affect NK cell
phenotype and also function?). In chronic
HCV infection the dominant effect on NK
cells appears to be of IFN-a. The profile of
NK cells in chronic HCV is consistent with a
reduced maturation of CD56P"" NK cells,
and also enhanced differentiation of
CD569™ NK cells towards a CD56CD16*
phenotype(™). NK cells may also be modu-
lated by direct cellular interactions, espe-
cially with DCs. All mature NK cells express
the activating receptor NKG2D, the ligands
for which are MIC proteins. In HCV infec-
tion there is an impairment of MIC-A/B ex-
pression which results in lower levels of NK
cell activation. NK cells enhance matura-
tion and activation of DCs to promote a
Thi-polarised CD4 T-cell response. NK cells
from HCV-infected individuals have a re-
duced capacity to activate DCs, due to NK
cell inhibition by the CD94:NKG2A receptor
and a consequent increase in NK expres-
sion of the immunoregulatory cytokines IL-
10 and TGF-B, which promote Th2 type dif-
ferentiation#®), Interestingly, inhibition of
NKG2A restored the ability of HCV-NK cells
to activate DCs, and also the production of
the Th1 cytokines IFN-y and TNF-a. This
may be important as HCV can upregulate
HLA-E, the ligand for NKG2A, in vivo and so
represents a mechanism by which HCV may

modulate the NK cell response. The activa-
tion status of NK cells correlates with liver
inflammation. Increased expression of
NKG2A, CD69 and CD107a (a marker of NK
cell degranulation) on peripheral blood NK
cells have all been linked with disease activ-
ity(49)_
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