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Abstract Tumor growth and dissemination depend
partly on the reactivity of natural killer (NK) cells and T
cells expressing NK-associated receptors. Their effector
functions are regulated by an array of activating and
inhibitory cell surface receptors with MHC class I ligand
specificity, such as the killer immunoglobulin-like
receptors (KIRs). Given the extensive genomic diversity
of KIRs and their HLA ligands, it is reasonable to
speculate that HLA, KIR gene variations and specific
KIR-ligand combinations will have an impact on disease
susceptibility and/or progression. Here, we discuss how
KIR genotypes and KIR/HLA immunogenetic profiles
may be involved in tumorigenesis, especially in malig-
nant melanoma (MM). A hypothetical model of the
impact of KIR/ligand combinations on immune re-
sponses in MM is proposed.
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Introduction

The immune surveillance concept proposed that the
immune system protects the host against nascent
malignancies, preventing and/or controlling tumor
growth [8]. However, cancer cells succeed escape im-
mune surveillance using several different strategies [30].
The control of tumor progression and dissemination
depends to a large extent on T-cell or natural killer
(NK)-cell reactivity. In the tumor–host relationship,

MHC class I antigens are emerging as leading players,
because of the crucial interaction of HLA molecules
with T- and NK-specific receptors (NKR) present in
both types of immune effector cells [1]. There are con-
vincing evidences proving that any change in MHC
pattern of malignant cells and/or in NKR expression on
effector cells may modulate immune responses either
enhancing or inhibiting antitumor cytolytic activity [35].
But, in what extent the diversity of immunogenetic
profiles of these receptors and their ligands is related to
the mechanisms of tumorigenesis is still under investi-
gation. The present brief review will mainly focus on
HLA, killer immunoglobulin-like receptor (KIR) and
KIR/HLA genetic variations in malignant melanoma
(MM) and the impact they may have on disease sus-
ceptibility and/or progression.

MHC genes

Genes encoding MHC molecules are highly polymor-
phic, and present significant variation resulting from
evolutionary adaptations to an ever-changing pathogen
environment. It was suggested that this extremely poly-
morphic region of the human genome has been gener-
ated by extensive duplications of genes with redundant
functions but subtle differences in the way such a func-
tion is implemented [39]. Diversity of the genes is a result
of recombinations, gene conversion and point muta-
tions. It is likely that this evolution is pathogen-driven
and polymorphic variants are subjected to natural
selection. More than 2200 HLA alleles have been iden-
tified so far [http://www.anthonynolan.com/HIG/in-
dex.html]. The polymorphism is restricted not only to
one locus but also to many linked loci and the patterns
of haplotypes, which are held together in linkage dis-
equilibrium. The MHC is associated with more diseases
than any other region of the human genome. The highly
polymorphic class I and class II loci are the major
determinants of HLA-associated disease. However, data
on HLA associations with solid tumors and particularly
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with malignant melanoma are limited (Table 1), but
some studies reported the relevance of HLA class I in
malignant melanoma. The presence of HLA-B40 is re-
lated to both the development and the clinical progres-
sion of melanoma [15, 31]. The distribution of HLA-A24
alleles, studied in a melanoma population for identifying
individuals suitable for vaccination, revealed higher
incidence of HLA-A*2402 allele in patients compared to
healthy persons [4]. Homozygosity for group 2 HLA-C
alleles (HLA-CLys80) seems to be associated with meta-
static progression of melanoma in the Spanish popula-
tion [9]. Studies on HLA class II associations and
malignant melanoma were focused mainly on the DQB1
locus [22, 23]. DQB1*0301 was found to be a risk factor
for development of metastatic disease in Caucasian MM
patients [3, 19, 20]. In the Japanese population, such a
risk factor is DQB1*0302 [16]. In addition, HLA-
DRB1*1101 was predictive of melanoma recurrence and
could regulate IFN-c levels in these patients [21].

Our study in the Bulgarian population showed
slightly increased frequencies of HLA-A*01, B*08, C*01
alleles in melanoma patients (Fig. 1). Similar results
were observed for DRB1*11, which is in strong linkage
disequilibrium with DQB1*0301 (Fig. 1). Interestingly,
the DRB1*11 allele was found to be protective for dif-
ferent autoimmune diseases in our population [25].
Furthermore, we analyzed the relevance of extended
HLA haplotypes that might be considered as more
informative markers than single loci. Three haplotypes,

A*01-B*35-C*04, A*01-B*08-DRB1*03, A*24-B*40-
DRB1*11, conferred significant predisposition to MM
in the Bulgarian population (Table 2). Therefore, we
could speculate that both HLA class I and class II
molecules, encoded by certain alleles could contribute to
the susceptibility to develop this malignancy.

NK cell receptor genes

With the discovery of NK cell receptors, present on both
T and NK immune effector cells and capable of recog-
nizing MHC molecules, studies have been devoted to
highlighting their relevance in tumor immunity. These
receptors fall into two major structural classes, the
immunoglobulin superfamily and the C-type lectin-like
family, including both inhibitory and activating recep-

Table 1 HLA and malignant
melanoma HLA allele Association Reference

HLA-B40 Predisposing/progression [15, 31]
HLA-CLys80 alleles Metastatic progression [9]
DQB1*0501, *0301 Predisposing/metastatic disease [22]
DQB1*0301 Metastatic disease [3, 19, 20]
DQB1*0302 Predisposing [16]
DRB1*0802, DQA1*0101, *0401 Protective [16]
HLA-DRB1*1101 Melanoma recurrence [21]
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0.35

A*01 A*02 A*24 B*08 B*18 B*35 B*51 C*01 C*04 C*07 C*12 DRB1*03 DRB1*11 DRB1*16

MM patients Controls

Fig. 1 HLA allele distribution
in melanoma patients and
healthy subjects from the
Bulgarian population. HLA-A,
-B, -C, -DR allele distribution
was evaluated in 50 patients
with malignant melanoma and
128 healthy individuals from
the Bulgarian population using
PCR-SSP methods. Data
presented illustrate allele
frequencies showing differences
between patients and controls.
Slightly increased frequencies
(P<0.05; Pc: NS) of HLA-
A*01, B*08, C*01 and
DRB1*11 alleles were observed
in melanoma patients compared
to healthy subjects. NS—not
significant

Table 2 HLA haplotypes associated with malignant melanoma

Haplotype Haplotype frequency OR

MM patients
(n=50)

Controls
(n=128)

A*01-B*35-C*04a 0.069 0.000 19.9
A*01-B*08-DRB1*03a 0.079 0.019 4.5
A*24-B*40-DRB1*11a 0.026 0.000 7.1

aPc<0.05; Expectation–maximization algorithm
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tors. Genes for NK receptors in humans are clustered on
two different chromosomes (reviewed in [36]). The C-
type lectin genes, such as CD94 and NKG2, form nat-
ural killer complex (NKC) on chromosome 12. The
immunoglobulin superfamily genes are clustered in the
leukocyte receptor complex (LRC) on chromosome
19q13.4. Killer cell immunoglobulin-like receptor genes,
located within LRC, are complex like the MHC, poly-
genic and polymorphic. Ongoing research involving
KIR polymorphism is helping to develop a clear picture
of KIR gene content. At the level of the human popu-
lation there is evidence for balance between activating
and inhibitory KIRs. The multigene KIR family, be-
lieved to be composed of 15 genes and 2 pseudogenes, is
now known to exhibit allelic diversity with respect to
individual genes [http://www.ebi.ac.uk/ipd/kir]. Two
groups of KIR haplotypes are defined: groups A and B,
which differ in number and kind of KIR genes. Four
KIR genes (3DL3, 3DP1, 2DL4 and 3DL2), so-called
framework genes are shared by both groups. Group A
haplotypes encode inhibitory KIR2DL1, KIR2DL3 and
KIR3DL1, and are devoid of stimulatory KIR genes
except KIR2DS4. All other haplotypes fall into group B.
Group B haplotypes generally possess more KIR genes
than group A and perhaps functionally, more impor-
tantly, the gene content is biased towards activating
KIRs. KIR haplotypes that are identical by gene content
can be further subdivided according to allele combina-
tions. Whereas group A haplotypes do not vary in gene
content they show extensive variability on the allelic
level. In contrast, group B haplotypes exhibit substantial
variation in gene content but only moderate allelic
polymorphism. Thus, diversity in human KIR genotype
derives from three components: haplotypic gene content,
allelic polymorphism, and the combination of maternal
and paternal haplotypes [28]. Due to combined effects of
these three components, unrelated individuals usually
differ in KIR genotype, and ethnic populations have
widely differing KIR genotype frequencies.

It is conceivable that KIR-gene content in the genome
could contribute to the function of NK cells and T lym-
phocytes by modulating immune responses to malignant
cells. Consequently, a genetic imbalance between acti-
vating and inhibitory KIR genes may facilitate the
development of malignancies. Amheim et al. [2] showed
that a genotype containing KIR2DL1, KIR2DL2,
KIR2DL3,KIR2DL4,KIR3DL1,KIR3DL2,KIR3DL3
and KIR2DS4 was associated with an increased risk of
cervical intraepithelial neoplasia, and the specific allele
KIR2DL5*002 had an inverse association with disease in
a study of Swedish women. Analysis of KIR gene distri-
bution in melanoma patients and healthy controls in the
Bulgarian population revealed that gene frequencies
ranged from 32 to 100% [26]. The most frequent KIR
genes in Bulgarians are: KIR2DL1, 2DL3, 3DL1 and
2DS4, followed by 2DS2 and 2DL2. The remainder
(KIR2DS1, 2DS3, 3DS1) was found in less than half of
the samples. Our data showed that the KIR gene fre-
quencies observed in the control group closely resembled

those found in previous studies in Caucasian populations
[12, 27, 38]. Similar results for the KIR gene repertoire
were obtained in our patients with MM. The phenotypic
distribution of KIR genes also did not demonstrate a
prevalence of a given haplotype (A or B) in the patients
compared to the controls [26]. No significant differences
were found for KIR gene and genotype distribution
between patients with primary (stages 1 and 2) and met-
astatic (stages 3 and 4) melanoma. Our data indicate that
the polymorphism within the KIR gene family is associ-
ated neither with the presence of MM nor with the
progression of malignant disease.

KIR and HLA ligands

The extent to which KIRs act as inhibitory self
receptors depends upon a person’s HLA type. KIR
recognition of specific HLA class I allotypes contrib-
utes to the array of receptor–ligand interactions that
determine the response of an NK cell to its target.
There are only four KIRs with clearly defined speci-
ficities, all of the inhibitory type and all for HLA class
I allotypes. The inhibitory KIR2DL (1, 2 and 3) rec-
ognize HLA-C allotypes. HLA-C ligand specificity is
determined by the amino acid residue at position 80 in
the alfa-1 helix of the HLA-C molecule, which can be
either asparagine (group C1 epitope) or lysine (group
C2 epitope) [5, 6, 24]. The inhibitory KIR3DL1 rec-
ognizes HLA-B Bw4 allotypes [13]. HLA-Bw4 mole-
cules can be divided into two groups on the basis of
whether isoleucine or threonine is present at position
80 (Bw480Ile and Bw480Thr, respectively). Receptor-
binding and lysis-inhibition data suggest that HLA-B
molecules containing Bw480Ile may be more effective
ligands for KIR3DL1 than those containing Bw480Thr

[11], whereas neither HLA-A Bw4 nor HLA-B Bw6
molecules bind to KIR3DL1. Other inhibitory KIRs
have less well-defined HLA class I specificities, such as
KIR3DL2 for certain HLA-A variants—A3, 11 [29].
Studies directly addressing whether activating KIR
have the same ligands as their inhibitory homologues
have identified only low-level binding of KIR2DS1 to
HLA-C2 [7] and KIR2DS2 to HLA-C1 epitopes under
certain circumstances [34]. A weak interaction highly
restricted to HLA-Cw4 only was reported for
KIR2DS4 [17, 18]. The ligand for KIR3DS1 is not
known, but it shares 97% similarity in its extracellular
domain to its inhibitory counterpart KIR3DL1 and
might therefore recognize HLA-B Bw4 allotypes under
some conditions [10, 36].

KIR/HLA immunogenotype profiles

If the polymorphism of both HLA and the KIR-gene
complex is considered together, then dissimilar numbers
and qualities of KIR/HLA pairs appear to function in
different individuals. In addition, the independent
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segregation of HLA and KIR genes raises the possibility
that any given individual can express the receptor or the
ligand only, or both receptor and ligand. Since the NK
receptor/HLA ligand pairs control NK cell function,
their status from ‘‘none to too many’’ may have a role in
the immune response to different challenges [32]. Vari-
ous clinical correlations, including viral infections,
malignant and autoimmune diseases, point to the func-
tional effect of the genes encoding KIR and the presence
or absence of KIR/HLA ligand combinations (reviewed
in [33]). Associations with different HLA/KIR combi-
nations, involving activating or inhibitory KIRs to dif-
ferent extents, have been described. For example, in
HPV-induced cervical cancer, specific KIR/HLA ligand
pairs decrease the risk of developing neoplasia, whereas
the presence of activating receptor KIR2DS1 results in
increased risk of disease, particularly when the protec-
tive inhibitory combinations are missing [10]. The com-
bined effect of HLA and KIR polymorphic genes has
been also analyzed in allogeneic stem cell transplanta-
tion for treatment of hematological malignancies. The
lack of HLA ligands in the recipient for donor-inhibi-
tory KIRs can contribute to improved outcome for pa-
tients with acute myeloid leukemia (AML) [14]. It was
hypothesized that alloreactive NK cells eradicate AML
by killing residual leukemic cells, favor engraftment by
removing host lympho-hematopoietic cells, and reduce
GvHD by eliminating recipient dendritic cells [37]. Thus,
KIR and HLA polymorphisms could behave as factors
of susceptibility, progression or protection in malig-
nancies. Although no differences were found for the
KIR gene frequencies, our data on HLA genotyping
demonstrate differences in the group 1 and group 2
HLA-C ligand distributions between melanoma patients
and healthy controls [26]. HLA-C types including only
HLA-CLys80 were significantly less frequent in patients
than in controls. Since those individuals can use
KIR2DL1 as an inhibitory receptor, a minority of
melanoma patients in our study group (homozygous for
HLA-CLys80) could have a limited number of functional
inhibitory KIR/HLA pairs. In contrast, the majority of
the patients (homozygous for HLA-CAsn80 or heterozy-
gous for HLA-C at position 80) could use more inhibi-

tory receptor/ligand combinations. The biological
significance of KIRs in vivo depends on whether these
receptors are present in individuals simultaneously with
their ligands. Our data showed that the activating KIR/
ligand associations were not significantly different be-
tween patients and controls [26]. In contrast, the
observation of inhibitory KIR2DL2/2DL3 in associa-
tion with their putative ligands was more frequent in
MM patients. The analysis of the HLA-Bw4 ligands for
inhibitory KIR3DL1 in the context of the presence of
isoleucine or threonine at position 80 showed no dif-
ference between patients and controls [26]. However, our
finding for higher incidence of more effective KIR3DL1/
ligand combinations (Fig. 2) in patients with metastatic
compared to those with primary malignant disease
seems to support the suggestion that more effective
inhibition of killer cell function via KIR3DL1/Bw4Ile80

pairs could interfere with occurrence of metastasis.
Therefore, it could be speculated that the tumor dis-
semination and escape from immunosurveillance might
be due to a prevalence of inhibitory over activating
signals in melanoma patients. With this consideration in
mind, a hypothetical model for the impact of KIR/HLA
ligand combinations on immune responses in malignant
melanoma (from inhibition to activation) is proposed
(Fig. 3).

In conclusion, there may not be a direct association
between KIR gene content in the genome and the
presence of malignant melanoma, or melanoma pro-
gression. However, some HLA haplotypes could be re-
garded as predisposing to MM in the Bulgarian
population. Furthermore, HLA/KIR gene combinations
that seem to favor NK cell inhibition have been asso-
ciated with MM and tumor dissemination. The inacti-
vation of NK cells by self-HLA molecules might be a
mechanism enabling malignant host cells to evade NK
cell-mediated immunity. These data could also contrib-
ute to the immunotherapeutic strategies based on the
superior antineoplastic effect against solid tumors of
KIR incompatible allogeneic NK cells. Modulating the
balance between activating and inhibitory signals
through NK cell receptors may open a new approach to
immunotherapy for cancer.

metastatic MM

91%

9%

primary MM

54%

8%

38%

Ile80

Thr80 + Ile80

Thr80

(n = 13) (n = 11)

Fig. 2 Distribution of HLA-
Bw4Ile80 and Bw4Thr80 ligands
in KIR3DL1/HLA-Bw4
positive patients. Although not
statistically significant, our data
showed higher incidence of
KIR3DL1/Bw4Ile80 pairs (more
effective KIR3DL1-ligands
combination) in patients with
metastatic compared to those
with primary malignant disease
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