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Abstract Innate immunity appears to play an important

role in the pathogenesis of viral hepatitis C. Among various

cell subsets of this immunity natural killer (NK) cells

raised particular interest. These cells are abundant in liver,

possess significant cytotoxic potential and show links with

adaptive immunity. They play important role, particularly

in the acute phase of viral infections, including hepatitis

C. They exhibit various types of receptors, either inhibitory

or activating, that are able to react with distinct ligands on

infected cells. Homozygosity of some receptors, namely

KIR2DL3 reacting with recipient HLA-C1 antigens is a

herald of good prognosis in hepatitis C virus (HCV)

infection. In the early stage of the latter, both the preva-

lence and the cytotoxicity of NK cells are increased. Their

inhibitory receptors are down regulated whereas activating

ones are up regulated. Interferon-c secreted by NK56?bright

NK cells has a direct cytotoxic effect on infected hepato-

cytes. In contrast, in the chronic phase of HCV liver

disease both, the prevalence and function of NK cells are

impaired. Nevertheless, their cytotoxicity contributes to

liver injury. Cells show change in the polarization profile

from NK1 to NK2, manifested by secretion of immuno-

suppressive cytokines. Some HCV peptides are inhibitory

for NK cells leading to the reduction of their antiviral

activity. The unwanted effects of HCV peptides can be at

least partly reversed by the antiviral therapy.
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Introduction

Large granular lymphocytes, later called natural killer (NK)

cells constitute about 10–20% lymphocytes in peripheral

blood of man. Their immunophenotype is usually described

as CD56?, CD16?, and CD3-. According to the expression

of CD56, CD16 differentiation antigens and functional

features, NK cells are further subdivided to several subsets.

Thus, CD56?dimCD16? cells constitute the majority of NK

and are known to be the main cytotoxic effectors. CD56?-

brightCD16? cells comprise about 10% of total NK cells and

are producers of interferon (IFN)-c and other immunoreg-

ulatory cytokines. The division of these two main subsets is

not absolute, because it has been shown that CD56?bright

cells may transform into CD56?dim ones. Moreover, the

latter can also produce above mentioned cytokines. In

addition, CD56-CD16? subset of NK cells may also be

found, but their function remains unclear (Björkström et al.

2010; Cooper et al. 2001). Recent data suggest that CD56-

negative NK cells exhibit functional skewing manifested by

low capacity to produce IFN-c, and to degranulate, but may

release significant amounts of chemokines such as MIP-1a,

MIP-1b, and RANTES (Fig. 1).

In principle, the function of NK cells is to sense pathogen

infected and/or transformed cells, and following the acti-

vation, to eliminate these from the body. In contrast to T and

B cells, the NK cells do not require prior sensitization. To

prevent unwanted cytotoxicity, the NK cells are equipped

into various receptors, allowing them to recognize self from

non-self and unchanged healthy cells. This phenomenon has
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been termed the ‘‘missing-self hypothesis’’ (Ljunggren and

Kärre 1990). In addition to CD16 (FccRIII) three groups of

NK cell receptors have been distinguished: killer immuno-

globulin-like receptors (KIRs), lectin-like receptors and

natural cytotoxicity receptors. KIRs and lectin-like receptors

are both activating and inhibitory, while natural cytotoxicity

receptors have only activating function. Ligands of KIRs are

predominantly alleles of MHC class I molecules such as

HLA, mainly HLA-C antigens. Ligands of lectin-like

(CD94-NKG2A-F) receptors are HLA-E antigens connected

with HLA-A, -B, -C or -G leader peptide and also MICA,

MICB (class I-related stress proteins). Natural cytotoxicity

(NKp30, p44, p46, p80) receptors have various ligands,

some unknown, but the most important are apparently viral

hemagglutinins. In molecular terms, the difference between

activating and inhibitory receptors is expressed in the cell

cytoplasmic tails—the long immunoreceptor tyrosine-based

inhibition motifs (ITIMs) mediate inhibitory signals, while

the short immunoreceptor tyrosine-based activation motifs

(ITAMs) are responsible for activating signals (Tomasello

et al. 2000).

Moreover, NK cells appear to be involved in a close

bidirectional cross-talk with dendritic cells (DCs). Acti-

vated NK cells enhance DC maturation and production of

interleukin (IL)-12. Reciprocally, DCs augment cytotox-

icity of NK cells. These interactions are mainly cell-contact

dependent (Fernandez et al. 1999; Gerosa et al. 2002).

Plasmacytoid DCs when activated by virus or CpG-ODN

express the ligand for glucocorticoid-induced tumor

necrosis factor receptor (GITR). The latter, in synergy with

IL-2, IFN-a and some KIR receptors triggers NK cell

cytotoxicity and IFN-c secretion due to GITR expression

on NK cells (Hanabuchi et al. 2006).

NK cells are considered to play a major role in viral

infections, predominantly in the early phase. Following

recognition of infected cells as non-self via activating

receptors, the response of NK cells is further enhanced by

at least two cytokines—IL-12 released by DCs and

monocytes, and IFN-c secreted by T cells and activated NK

cells themselves. Furthermore, type I IFNs secreted by

virus-infected cells augment NK cell cytotoxicity.

For many years, NK cells were considered as crucial

mediators of innate immunity. Moreover, their role in

performing immune surveillance against malignant transfor-

mation, by differentiating self/non self, perpetuated this

opinion. Recently this dogma has been challenged, as it had

been found, that at least in mice, NK cells possess features of

adaptive immunity, such antigen-specific recall responses to

some haptens. The antigen specificity appeared to be sup-

ported by some RAG-1 and RAG-2 (recombination-activating

genes)-independent mechanisms and consequently mice were

able to express NK cells memory following viral infection

(Paust et al. 2010; Sun and Lanier 2009).

NK Cells in Normal Human Liver

Normal uninfected human liver contains about 109–1010

lymphocytes. Within this pool NK cells constitute about

30% of resident lymphoid cells. In liver disease the per-

centage of NK cells within intrahepatic lymphocyte pool

may reach up to 90% (Doherty and O’Farrelly 2000). The

remaining lymphocyte population includes T cells (63%)

and B cells (6%). T cells can be subdivided to conventional

(CD4? and CD8? ones) and unconventional (NKT cells,

TCRcd T cells). NKT cells express T-cell receptor (TCR)

and T-cell marker CD3 and express NK cell differentiation

antigen, CD56. TCR repertoire of the NKT cells is very

restricted and the MHC class I molecule CD1d is used for

the recognition of mostly glycolipid antigens. NKT cells

are beyond the scope of this article.

Intrahepatic NK cells are distributed between endothe-

lial cells of liver sinusoids and have been previously called

‘‘pit’’ cells (Vanderkerken et al. 1993). In comparison to

blood natural killers, their granules are smaller and have

lower density. Functional properties of intrahepatic NK

cells differ from their blood counterparts, presumably

because of ‘‘tolerogenic’’ microenvironment of liver. They

are less cytotoxic, produce lower amounts of IFN-c. In

contrast, they release greater quantities of immunosup-

pressive cytokines such as IL-10 (Lassen et al. 2010). In

addition, intrahepatic NK cells express anti-fibrotic activ-

ities by the inhibition of hepatic stellate cells (HSC). The

latter effect is manifested in two ways: by functional HSC

Fig. 1 NK cell subsets
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inhibition exerted by IFN-c and by direct induction of HSC

apoptosis (Melhem et al. 2006).

NK Cells in Viral Hepatitis C: General Data

Viral hepatitis C and more precisely, hepatitis C virus (HCV)

is responsible for more than 170 million infections world-

wide. Most patients after mild or symptomless acute phase

succumb to chronic phase leading to liver cirrhosis and/or

even to hepatic carcinoma (Lavanchy 2009). A vaccine is

still unavailable due to the high polymorphism and vari-

ability of HCV genome. Current day antiviral treatment may

significantly reduce the viral load but cannot totally elimi-

nate it from the body. However, the immune system may

recognize the virus and mount specific humoral and cell-

mediated immune responses both. The cell-mediated

immune response is usually too late and too weak to cope

with the high burden of viral particles and/or virally infected

cells. It has been claimed that in an acute phase of hepatitis C,

HCV-sensitized CD8? T lymphocytes are induced after an

unexpectedly long interval after virus exposure. Further-

more, CD8? T lymphocytes can be inefficient due to poor

IFN-c production (Cox et al. 2005). In the chronic phase of

HCV infection only 1–2% of T cells fulfill the criteria of

HCV specificity (Rehermann and Nascimbeni 2005). The

virus has several means to block the specific antiviral

response and becomes invisible to cytotoxic T cells. This

issue has been recently discussed by us in the context of

pattern recognition receptors (Mozer-Lisewska et al. 2010).

An interesting aspect of the role of NK cells in the HCV

infection is the expression of particular forms of KIR

receptors in combination with HLA-C allotypes and its

relation to the disease outcome. It has been demonstrated

by several authors that homozygosity of KIR2DL3 and

HLA-C1 confers partial resistance to viral hepatitis C

(CHC). The infected individuals often remain seronegative

and aviremic. For example, when infected, these patients

may spontaneously resolve infection, while when under-

going antiviral treatment, are more likely to manifest a

sustained virological response (SVR). This observation was

confirmed in different ethnic groups (Gendzekhadze et al.

2009; Knapp et al. 2010; Romero et al. 2008). Possible

explanation of this phenomenon is the lower avidity of the

binding of KIR2DL3 to HLA-C that results in down reg-

ulated activity of the inhibitory receptor and the enhanced

function of KIR2DL2 activating receptor (Fadda et al.

2010; Moesta et al. 2008).

NK Cells in the Acute Phase of Hepatitis C

Following infection with HCV peripheral blood NK cells

become more prevalent and activated. There is an increase

in the number of CD56?bright and a relative reduction of

CD56?dim NK cells. Both cell types show an increased

expression of NKG2D receptor. IFN-c production and

cytotoxicity of NK cells are greater than observed in

healthy controls (Amadei et al. 2010). This is associated

with an increased NK cell degranulation (irrespective of

the outcome of the infection), but correlated with the

specific T cell response. Expression of NKG2A inhibitory

receptor in NK cells is lower. In contrast, NKG2D acti-

vating receptor expression is upregulated. Production of

IFN-c is augmented, but the rise is lower in intravenous

drug users, presumably due to inhibitory effect of drugs

such as opium (Pelletier et al. 2010). Activation status of

NK cells tends to decline in those individuals, who clear

HCV, but usually persists in those progressing to a chronic

phase. It has been reported that lower prevalences of NK

cells expressing activating receptor as NKp30, NKp46,

CD161 and NKG2D were found in patients who were able

later to clear HCV infection over time, compared to

patients, who progressed to a chronic phase (Alter et al.

2011).

Several cytokines have been implicated in NK cell

activation and function, such as IL-12, IL-18 and IFN-c.

There has been much interest in type III IFN IL-28 (IFN-

c3) that is considered as a mediator of HCV clearance

(Rauch et al. 2010; Thomas et al. 2009). It has been pos-

tulated that IFN-c-mediated viral clearance is probably

more efficient than the elimination of infected hepatocytes

by cytotoxic effector cells. A possible explanation of this

difference may be related to the mechanism of cytotoxicity

that requires a 1:1 contact between effector cell and

hepatocyte, whereas IFN-c released by single NK cell may

be cytotoxic to 100-fold liver cells (Guidotti and Chisari

1996). In addition, it is generally accepted that there is

some functional redundancy of the above listed cytokines

in the acute phase.

NK Cells in Chronic Phase of Hepatitis C

In general, NK cells in the chronic phase of HCV infection

are down-regulated, both in number and function. The total

number of lymphocytes, absolute number and percentage

of NK cells in peripheral blood are decreased. Several

authors reported reduced NK prevalence in peripheral

blood of HCV patients that was usually associated with the

decline of IFN-c production (Dessouki et al. 2010; Mori-

shima et al. 2006). One of the possible reasons for this

observation could be the lack of IL-15 necessary for NK

development and function (Jinushi et al. 2003; Meier et al.

2005). With regard to NK subsets, there is a general con-

sensus that the relative increase of CD56?bright cells is not

associated with CD56?dim cell increase. Upregulation of

tumor necrosis factor-related apoptosis-inducing ligand
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(TRAIL) contributing to damage of hepatocytes in situ has

been shown in NK cells. It has been postulated that the

decrease of CD56?dim NK cells is due to the effect of

endogenous and/or therapeutic IFN-a. In contrast,

CD56-CD16? NK cell subset becomes expanded. The

CD56-CD16? NK cells, however, are considered to be in

the terminal stage of differentiation and function. They

produce small amounts of IFN-c and release some che-

mokines such as MIP-1. Their significance remains to be

elucidated (Gonzalez et al. 2009).

The impaired function of NK cells in the course of HCV

infection is particularly evident in their interactions with

DCs (Mavilio et al. 2006). Although DCs are able to pro-

duce IL-15, the production is deficient, apparently due to

the inhibitory effect of IFN-a. NK cells normally activate

DCs, however, in the chronic HCV infection the activating

effect is poor. This results in impaired antigen presentation

by DCs. Several alterations of NK receptor expression and

function during chronic HCV infection have been descri-

bed. For example, an increase of NKG2A inhibitory

receptor expression was shown both on intrahepatic and

peripheral blood NK cells (Bonorino et al. 2009; Harrison

et al. 2010). NKG2A was shown, however, to be hypo-

functional, because their ligand MICA (nonpolymorphic

MHC class I chain related) protein expression is impaired

on HCV-infected hepatocytes and DCs. This results in

lower DCs activation (Jinushi et al. 2004). Furthermore,

NK cells have shown decreased KIR expression with an

increased expression of some activating receptors.

Although there are conflicting reports concerning NKG2D

activating receptors, the general consensus is that there is

the activating receptors such as NKG2C, NKp30, NKp44

and NKp46 are up regulated. This could explain why the

cytotoxicity of NK cells in chronic HCV was reported

intact or increased (Yoon et al. 2009). Some authors

noticed the change in the polarization profile of NK cells,

from NK1 secreting IFN-c, tumor necrosis factor (TNF),

etc. to NK2 secreting IL-10, transforming growth factor

(TGF)-b, IL-4, IL-13 (Peritt et al. 1998). This shift is

probably due to the impact of IL-10 secreted by T cells

infiltrating infected liver (Abel et al. 2006). On the other

hand, there are experimental data hinting to the suppression

of full cycle HCV infection in human hepatocytes. Wang

et al. (2008) have shown that when NK cells culture

supernatants (SN) were added to HCV infected hepato-

cytes, this resulted in significantly lower concentrations of

HCV RNA and protein as compared to control cells. This

effect could be abolished by the antibody to IFN-c. SN

treated hepatocytes produced high quantities of type I IFN

and expressed IFN regulatory factors-3 and -7. The SN also

enhanced signal transducer and activator of transcription

(STAT-1 and -2), transcription factors crucial for IFN-

mediated antiviral activities (Wang et al. 2008) (Fig. 2).

Reactivity of NK Cells in the Course of Antiviral

Therapy of Hepatitis C

Standard therapies with IFN-a and ribavirin appears to

modify the number and function of NK cells in HCV

infected patients. IFN-a is known to increase cytotoxicity

of NK cells. Studies from Australia and Egypt have shown

that the antiviral therapy increased proportions of

CD56?bright NK cells, while declined slightly CD56?dim

ones (Fathy et al. 2010; Lee et al. 2010). The CD56?dim

cells manifested a lower expression of CD16 and perforin.

The authors concluded that this may be advantageous to the

patient, because an increased secretion of IFN-c by

CD56?bright NK has an antiviral effect, while down-regu-

lation of cytotoxic properties of CD56?dim cells prevented

or limited damage of hepatocytes (Lee et al. 2010).

Fig. 2 NK cell function in

acute and chronic hepatitis C
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A different study from Japan has found that adverse effects

on NK cells due to HCV infection such as a reduction of

NK frequency and suppression of IFN-c synthesis were

reversed after therapy (Dessouki et al. 2010). Harrison

et al. (2010) have shown that antiviral therapy leads to

down-regulation of NKG2A receptor on CD56dim NK cells

from HCV infected patients. Those who reached SVR had,

however, greater numbers of NKG2A-positive, KIR-nega-

tive NK cells than the patients without SVR (Harrison et al.

2010). Thus, it appears that numerous NK cells with down-

regulated inhibitory receptors are of an advantage in the

course of CHC. The number of tested patients was, how-

ever, too low (n = 12) to draw the definitive conclusions.

In the study of children with chronic hepatitis C, after

antiviral therapy lasted 48 weeks we have observed sig-

nificant fall of white blood cell count and in particular,

effector cells with cytotoxic potential, including NK cells

(Mozer-Lisewska et al. 2007).

One of the effects of IFN-a therapy in CHC is the

induction on NK cells of TRAIL. Stegmann et al. (2010)

have demonstrated that patients who responded to pegy-

lated-IFN-a therapy had higher levels of TRAIL on

CD56?dim cells than those who did not. There was a

reverse correlation between TRAIL and viral load. The

TRAIL was also expressed on CD56?bright cells and this

expression was significantly higher than on the cells from

control subjects. Thus, TRAIL appears to be an important

marker linked to the response to antiviral therapy and in

inducing apoptosis. However, TRAIL appears to be partly

responsible for the injury of the liver as manifested by

various types of necrosis seen by pathologists in liver

sections. Some NK cell receptors appear to have predictive

value for response to antiviral therapy. For example, a high

numbers of CD56- NK cells are associated with poor

response. These cells are known to have low expression of

IFN-c, TNF-a and poor CD107a degranulation, the latter

corresponding to cell cytotoxicity (Gonzalez et al. 2009). It

has been shown that the absence of KIR2DS2 and ND

KIR2DL2 on NK and NKT cells was associated with poor

response to antiviral therapy (Peg/RBV) in patients with

recurrent CHC after liver transplantation (Askar et al.

2009). The difference in response between patients who

had the cells expressing the above mentioned receptors and

the patients who did not, was highly significant. This

suggests that the determination of KIR expression on NK

cells prior to the onset of the therapy may be of value in the

planning of treatment strategy. There are data suggesting

that activation status of NK cells shows correlations with

the intensity of the liver inflammatory process. Oliviero

et al. (2009) have demonstrated inverse correlation of NK

cell NKGD2 expression with alanine aminotransferase

(ALT) activity. Another inverse correlation has been

shown between the number of NKG2A positive NK cells

and viremia (Bonorino et al. 2009). The role and the sig-

nificance of NK cells in various stages of hepatitis C and

during antiviral therapy have been recently reviewed

(Cheent and Khakoo 2011).

HCV Strategies to Evade NK Cell Response

Hepatitis C virus has evolved several strategies to prevent

or abolish antiviral activity of NK cells. It can, for exam-

ple, inhibit IFN-c production by IL-12 activated NK, the

effect mediated by the engagement of cellular tetraspanin

CD81 by HCV envelope glycoprotein E2. In contrast, the

production of another cytokine, IL-8 permissive for HCV

infection, was increased by NK cells. Such modulation in

the cytokine profile secreted by NK cells during HCV

infection is definitely advantageous for viral spread (Crotta

et al. 2010). Another strategy used by HCV appears to

down-regulate the ligands of NKG2D activating receptor of

NK cells. A reduced expression of ligands has been shown

to be dependent on the activity of HCV protease NS3/4A

(Wen et al. 2008). Furthermore, it has been reported that

NS5A protease of HCV stimulates monocytes via Toll-like

receptor 4 to IL-10 and TGF-b production. TGF-b
decreases expression NKG2D on NK cells, and this results

in impaired effector activity (Séne et al. 2010). At the same

time TGF-b enhances activation of HSCs, resulting in the

proliferation of fibroblasts and ultimately in liver fibrosis. It

has been also demonstrated CD94-NKG2A ligand, HLA-E

becomes upregulated by a peptide derived from HCV core

(HCVcore 35-44) that leads to the inhibition of NK cells

(Nattermann et al. 2006).

Concluding Remarks

The beneficial role of NK cells in the acute phase of HCV

infection is beyond doubt. However, later in the disease

process, in the chronic stage the virus exerts powerful

inhibitory effect on various aspects of NK cells function

and their antiviral activity declines significantly. High

cytotoxic potential of NK cells warrants, however, con-

sideration as to how their impairment in the course of

chronic hepatitis C might be overcome. One possible way

would be to boost NK cells function with exogenous

cytokines such IL-12 and IL-15. IL-15 might be particu-

larly beneficial as it is known to be pivotal for NK cells

development and function. Such attempts are already

underway (Doskali et al. 2011). A different strategy is

demonstrated by the recent experiments aiming to inhibit

or even eliminate HSCs by transfection with specific

inhibitory KIR small interfering RNA in order to activate

NK cells. This approach resulted in a significant reduction

of liver fibrosis in mice (Muhanna et al. 2011).
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