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NK cells represent 30–50% of all 
hepatic lymphocytes in humans and they 
are involved not only in immunoregulatory 
mechanisms but also in fibrosis, regen-
eration, as well as in the response to acute 
and chronic liver infection. In addition, 
NK cells play an important role in con-
trolling hepatic tumorigenesis. In patients 
with hepatocellular carcinoma (HCC), an 
enrichment in CD56+ cells among tumor-
infiltrating lymphocytes has been corre-
lated with improved clinical outcomes,1 
even though the liver microenvironment, 
especially in the cirrhotic liver, can limit 
cancer immunosurveillance by differ-
ent mechanisms. Immunosurveillance is 
mainly mediated by the recognition of 
MHC class I molecules by killer cell Ig-like 
receptors (KIRs) and by NK-cell activat-
ing receptors such as killer cell lectin-like 
receptor subfamily K, member 1 (KLRK1, 
best known as NKG2D) that can bind 
non-classical MHC class I-like molecules 
such as MHC class I polypeptide-related 
sequence A (MICA), MICB and UL16-
binding proteins (ULBPs), which are 
upregulated on the surface of transformed 
cells.2,3 Inhibitory KIRs (which inhibit the 
cytotoxic activity of NK cells), interact 
with classical MHC class I molecules. In 
line with this model, the downregulation 
of MHC class I molecules on target cells 
promotes the activation of NK cells and 
their cytotoxic activity.

Because KIR and HLA molecules 
are encoded on different chromosomes, 
several combinations of KIR and HLA 
alleles are possible. In particular, a specific 
KIR may be expressed in the absence of 
the cognate HLA molecule. Moreover, 
KIR/HLA interactions can exhibit dif-
ferent binding affinities. For instance, the 
binding between inhibitory KIR2DL3 
and HLA-C1 is characterized by a lower 
affinity than that between KIR2DL1 and 
HLA-C2, while KIR3DL1 binds with 
high affinity HLA-BW4 molecules con-
taining isoleucine at position 80 (BW4I80) 
as compared with threonine (BW4T80).2 
Considering that there are 15 genetic loci 
coding for KIRs and that many of these 
loci have several alleles, various KIR/HLA 
combinations can be present in a given 
individual, and this is expected to influ-
ence NK-cell effector functions.

A strong interaction between inhibi-
tory KIRs and HLA molecules could play 
a negative role in protection against virus-
infected or transformed cells. However 
a process of education (licensing) occurs 
during development of the mature pool 
of NK cells. The recognition of MHC 
class I molecules by inhibitory receptors 
shapes the effector functions of NK cells, 
leading to efficient responses in the case 
of high-affinity interactions and to hypo-
responsiveness when the KIR/HLA bind-
ing is weak or missing.4 By contrast, the 

concurrence of activating KIRs and their 
ligands, such as KIR2DS1 and HLA-C2, 
results in reduced NK-cell functional 
competence.5

Several immunogenetic studies have 
demonstrated that specific KIR/HLA 
compound genotypes increase or reduce 
the susceptibility to infectious, autoim-
mune or malignant disorders.6 We have 
recently reported a strong association 
between the KIR/HLA genotype and the 
clinical outcome of HCC patients after 
therapeutic ablation.7 In particular, acti-
vating KIR2DS5, homozygous HLA-C1 
and HLA-BW4I80 were associated with 
improved patient survival, whereas HLA-
C2 and HLA-BW4T80 were linked to 
dismal disease outcome. In addition the 
cytotoxic activity of NK cells was more 
pronounced in subjects bearing HLA-C1 
alone or combined with specific inhibi-
tory KIR ligands (i.e., KIR2DL2 and 
KIR2DL3). Our results are consistent 
with the licensing model, i.e., the acquisi-
tion of a full functional competence only 
by NK cells that express inhibitory recep-
tors that recognize self MHC molecules. 
The relevance of NK-cell functions for 
the prognosis of HCC patients is sup-
ported by the survival advantage exhib-
ited by subjects carrying both inhibitory 
KIRs and their cognate ligands (Fig. 1). 
Conversely, the low-affinity interac-
tions between activating KIR2DS1 and 
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HLA-C2 would lead to a hyporespon-
siveness of NK cells,5 at least in part 
explaining the reduced cytotoxic activ-
ity of NK cells isolated from HLA-C2-
expressing HCC patients, who exhibited 
poor overall survival (Fig. 1).

The significance of KIR2DS5 as a 
predictor of extended overall and recur-
rence-free survival is open to speculation, 
since the specific ligand of this receptor 
remains unknown. KIR2DS5 is present 
in a fraction of KIR B haplotypes, which 
are characterized by a higher number 
of genes encoding activating KIRs as 
compared with the A haplotype.2 Thus, 
KIR2DS5 might either impact on the 
activity of NK cells in a direct fashion, 
or represent a surrogate marker for a KIR 
haplotype that influences disease out-
come in HCC patients.

The KIR haplotype of NK cells can 
influence the outcome of infectious dis-
eases and malignancies in opposite ways. 

In the specific setting of chronic hepatitis 
C virus (HCV) infection, the KIR2DL3/
HLA-C1 genotype has been associated 
with the spontaneous resolution of infec-
tion and increased NK-cell cytotoxicity, 
whereas HLA-C2 was frequently detected 
among patients exhibiting chronic dis-
ease. Homozygous KIR2DL3/HLA-C1 
has also been implicated in the response 
to the treatment of chronic HCV infec-
tion, whereas homozygous HLA-C2 was 
associated with resistance to therapy. In 
addition, the KIR3DS1/HLA-BW4I80 
genotype and HLA-C1 are considered 
protective against the development of 
HCV-related HCC (reviewed in ref. 8). 
Our study, which was focused on predic-
tors of disease outcome, confirmed the rel-
evance of these genotypes in the evolution 
of HCC after treatment. Taken together, 
these observations confirm the involve-
ment of the same KIR/HLA profiles both 
in the immune response to HCV infection 

and in its long-term consequences such as 
HCC development and prognosis.

The implication of our work is 2-fold: 
apart from identifying mechanisms that 
may govern the evolution of HCC, the 
genetic backgrounds that we observed 
to influence disease outcome in HCC 
patients appear to have functional corre-
lates amenable to therapeutic correction.

In patients with HCC and other can-
cers,1,9 NK cells are often functionally 
impaired. Our findings suggest that restor-
ing the activity of NK cells could reduce 
the risk of disease recurrence upon ablative 
therapy or surgery, potentially impacting 
on the survival of HCC patients. Different 
strategies have been undertaken to imple-
ment NK cell-based therapies, including 
the administration of immunostimulatory 
thalidomide derivatives, the adoptive trans-
fer of allogeneic NK cells, the activation or 
genetic engineering of autologous NK cells 
in vitro followed by their reinfusion, and the 

Figure 1. Potential impact of the interactions between killer cell Ig-like receptors (KIrs) and their ligands on the clinical outcome of hepatitis C virus 
(hCV)-linked hepatocellular carcinoma (hCC). The high-affinity binding of inhibitory KIrs and their ligands during development enhances the functions 
of natural killer (NK) cells through a process known as licensing. Conversely, the activity of NK cells expressing activating KIrs that bind self ligands is 
decreased, as it has been described for the interaction between KIr2Ds1 and hLa-C2. These observations may provide a key for the interpretation of 
the functional and clinical correlates of KIr/hLa genotypes hCV-linked hCC.
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use of monoclonal antibodies that block the 
interaction between inhibitory KIRs and 
their ligands.9,10 These approaches might be 

particularly useful in HCC patients, who 
generally have dismal prognosis even upon 
curative treatments.
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