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Abbreviations
aKIRs	� Activating killer-cell immunoglobulin-like 

receptors
ALL	� Acute lymphoid leukemia
AML	� Acute myeloid leukemia
CLL	� Chronic lymphoid leukemia
CML	� Chronic myeloid leukemia
CTL	� Cytotoxic T lymphocytes
DLBCL	� Diffuse large B-cell lymphoma
HLA	� Human leukocyte antigen
HSCT	� Hematopoietic stem cell transplantation
iKIRs	� Inhibitory killer-cell immunoglobulin-like 

receptors
ILCs	� Innate lymphoid cells
ILTs	� Immunoglobulin-like transcripts
ITIMs	� Immunoreceptor tyrosine-based inhibitory 

motifs
KIR2DS4del	� KIR2DS4 variant with deletion
KIRs	� Killer-cell immunoglobulin-like receptors
LGL	� Large granular lymphocytes
MHC	� Major histocompatibility complex
ML	� Myeloid leukemia
NCR	� Natural cytotoxicity receptors
NK cells	� Natural killer cells
PFS	� Progression-free survival

NK cells as a major player in innate immunity

Natural killer cells (NK) are a bone marrow-derived lym-
phoid population, constituting 10–20  % of all circulating 
lymphocytes [1]. They have important immunoregula-
tory roles in the natural immune response and protection 
against virus-infected and tumor-transformed cells [1, 2]. 
Recently, by grouping all innate lymphocytes in the family 
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of “innate lymphoid cells—ILCs”, NK cells are assigned 
as “cytotoxic” ILCs [3, 4]. In many respects they are simi-
lar to cytotoxic T lymphocytes and may be considered as 
their innate counterparts. However, while cytotoxic T lym-
phocyte (CTL) responses require presentation of peptides 
by MHC class I molecules on antigen-presenting cells, 
the recognition of targets (stressed or transformed cells) 
by NK cells is not necessarily associated with HLA mole-
cules, and therefore, it was assumed that NK cell-mediated 
cytotoxicity is not MHC restricted. However, more recent 
studies on NK cell receptors, their specific ligands, signal 
transduction mechanisms and functional activity have led 
to a reevaluation of this concept. Today’s understanding of 
NK-mediated cytotoxicity is based on the “missing self” 
hypothesis proposed by Kärre et al. [5] which explains the 
activation of NK cells through a simple mechanism: the 
lack of MHC class I expression on the target cells. Accord-
ing to this concept, NK and CTL are two complementary 
arms in the effector immune response, in which both cell 
types are MHC-dependent but act through different mecha-
nisms. Unlike T and B cells, NK cells do not have receptors 
for specific recognition of foreign antigens. Their ability 
to distinguish autologous MHC class I or class I-like mol-
ecules is due to a unique class of NK-cell receptors with 
inhibitory and activating functions [6]. The condition for 
NK-cell tolerance assumes that each NK cell must carry at 
least one functional dominant inhibitory receptor for self-
MHC molecules, protecting from autoreactivity under nor-
mal circumstances, proven by studies at clonal and poly-
clonal levels [7, 8]. Currently, it is accepted that NK cells 
recognize virus infected, neoplastic or allogeneic cells with 
altered expression of the corresponding MHC class I ligand 
[9]. The model of “missing self” does not fully explain the 
resistance of some normal cells with low/missing expres-
sion of MHC molecules to attack by NK cells and the 
mechanisms of NK-cell activation [10]. An alternative idea 
was proposed for “induced-self recognition”. According to 
this hypothesis, NK cells possess activating receptors rec-
ognizing molecules (ligands) that are not expressed by most 
normal cells but are displayed by infected or transformed 
cells, as confirmed in subsequent studies [11, 12]. Similar 
to the adaptive immune system, the innate immune system 
is able to differentiate “self” from “non-self” (foreign) or 
impaired self by finely regulated mechanisms involving 
cell surface receptors and MHC molecules, and the balance 
between activating and inhibitory receptors [12].

Currently, various surface receptors regulating NK-cell 
function known in humans are divided into the following 
groups: type I integral proteins with immunoglobulin-like 
domains (killer-cell immunoglobulin-like receptors—
KIRs; immunoglobulin-like transcripts—ILTs), type II 
integral proteins with lectin-like domains (NKG2D, CD94/
NKG2) and natural cytotoxicity receptors (NCR) [13–18]. 

The effector function of all these receptors is the result of 
complex interactions and the balance between activating 
and inhibitory signals driven by their specific binding to the 
corresponding ligands.

NK‑cell receptors from the immunoglobulin 
superfamily

In humans, the major receptor type involved in NK-cell-
mediated HLA class I recognition is encoded by a family 
of genes spanning 150  Kb within the leukocyte receptor 
complex located on chromosome 19q13.4 and designated 
“killer-cell immunoglobulin-like receptor” genes [14]. 
Currently KIR gene family includes 15 loci (KIR2DL1, 
KIR2DL2/L3, KIR2DL4, KIR2DL5A, KIR2DL5B, 
KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS4, KIR2DS5, 
KIR3DL1/S1, KIR3DL2, KIR3DL3 and two pseudo-
genes, KIR2DP1 and KIR3DP1) [15]. Each KIR gene 
has between 15 (KIR2DS3) and 112 (KIR3LD2) alleles 
[15] which further contributes to the genetic variety of 
these receptors. It is not yet clear if some of the originally 
described KIR genes are alleles of the same gene. At pre-
sent, family segregation analysis and genomic sequencing 
revealed two pairs of KIR genes, KIR2DL2/KIR2DL3 and 
KIR3DL1/KIR3DS1 considered to segregates as alleles 
[16, 19, 20].

KIR gene products are type I transmembrane glyco-
proteins expressed on the surface of the majority of NK 
cells and some T-cell clones. According to the structural 
characteristics of the encoded proteins corresponding to 
their functions, there are two functionally different groups 
of receptors: inhibitory (iKIRs) and activating (aKIRs). 
KIRs are composed of two (2D) or three (3D) extracel-
lular Ig-like domains and a cytoplasmic part that varies in 
length and accordingly is designated long (L) or short (S) 
tailed [15]. The length of the intracytoplasmic part deter-
mines the function of the appropriate receptor with some 
exceptions and particularly KIR2DL4. The presence of 
a long cytoplasmic tail with one or two immunoreceptor 
tyrosine-based inhibitory motifs (ITIMs) that bind to phos-
phatases SHP allows transduction of inhibitory signals and 
determines their inhibitory function in cellular cytotoxic-
ity. Receptors with short cytoplasmic tails do not possess 
ITIMs but have a positively charged amino acid residue, 
lysine, in the transmembrane domain allowing their associ-
ation with activating adapter proteins, such as DAP12, and 
defining them as activating receptors [21]. One KIR with a 
long cytoplasmic tail, KIR2DL4, containing an ITIM motif 
on the basis of which it was classified into the group of 
inhibitory receptors, binds to the activation motif of FcεRIγ 
and thus seems to transmit activating signals as well [22, 
23].
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The KIR genes in humans form two haplotypes, A and 
B, that differ in the number and types of genes [24]. Group 
A haplotypes contain up to 7 genes (KIR2DL1, KIR2DL3, 
KIR3DL1, KIR3DL2, KIR3DL3, KIR2DL4, KIR2DS4) 
most of them encoding receptors with inhibitory capacity, 
and KIR2DS4 and KIR2DL4 as the only activating KIRs. 
Additionally, they are characterized by small variations 
in the number of gene contained, but these also have sig-
nificant allelic polymorphism. It is interesting to note that 
many A haplotypes carry null KIR2DS4 and KIR2DL4 
variants that are not expressed on the cell surface [23, 25]. 
In fact, such haplotypes should not have functional activat-
ing KIRs. Group B haplotypes are characterized by a great 
diversity in both the number and the allelic variations of 
the genes. In addition to the framework genes (KIR2DL4, 
KIR3DL2, KIR3DL3), KIRs have one or more B haplo-
type-specific activating (KIR2DS1, KIR2DS2, KIR2DS3, 
KIR2DS5, KIR3DS1) and inhibitory (KIR2DL2, 
KIR2DL5A, KIR2DL5B) genes. KIR haplotype zygosity 
determines the number of inhibitory and activating genes of 
an individual. Concerning KIR gene expression, it should 
be taken into account that it is the result of a complex pro-
cess related to different factors. First, expression depends 
on the inherited KIR gene content and haplotypes. Sec-
ond, the proportion of KIR-positive NK cells and the cell 
surface density of a given receptor are modulated by KIR 
allelic polymorphism which is well illustrated by expres-
sion patterns of KIR3DL1 allotypes. Using DX9 antibody 
staining, Gumperz et  al. [26] demonstrated high expres-
sion of KIR3DL1*001, *002, *003 and *008, low surface 
levels of KIR3DL1*005, *006 and *007, and no expres-
sion of KIR3DL1*004 alleles. In addition, the correlation 
between KIR genotype polymorphism and phenotype vari-
ations within individuals was further compounded at the 
population level. Yawata et al. [27] showed that five com-
mon KIR3DL1 allotypes in Japanese have differences in 
their cellular expression with the following order of mag-
nitude: KIR3DL1*005  <  *007  <  *001  <  *020  <  *0150
2, and a gene dose effect was also seen. In contrast, the 
non-functional 3DL1*004 allele common in Caucasians, 
Africans and South Asians is not represented in the Japa-
nese population [27–30]. It should also be considered that 
the KIR2DS4 variant with deletion (KIR2DS4del) and 
many KIR2DL4 allele gene products are also not displayed 
on the cell surface [25, 31]. When cognate MHC class I 
KIR ligands are present, the amount of NK cells express-
ing the appropriate KIR is increased, while the frequency 
of NK cells displaying mismatched KIRs is decreased [27]. 
Finally, NK cells may express one or several KIR genes 
and each individual cell clone express only some of the 
inherited KIR genes on a relatively stochastic principle. 
This may lead to a structurally and functionally distinct 
NK-cell repertoire. Important features of KIR distribution 

patterns are their stable expression maintained upon expan-
sion of mature NK-cell clones and also dynamics related 
to the acquisition of new receptors over time [7, 32]. This 
clonally restricted KIR expression pattern is partly due to 
gene silencing by DNA methylation [33, 34]. Although 
KIR2DL4 expression is also controlled by DNA methyla-
tion, it seems to be an exception compared to other recep-
tors. Unlike the allele-specific random distribution patterns 
of all other KIRs, KIR2DL4 is biallelically expressed by 
most or all NK cells [35–37].

KIR ligands

The function of NK cells is modulated by interactions 
of their specific receptors with corresponding ligands 
expressed on target cells. HLA-C molecules are the main 
MHC class I ligands influencing the NK-cell activity by 
binding to inhibitory receptors with two immunoglobulin 
domains (KIR2D). The HLA-C recognition is restricted 
by two epitopes in the molecule defined by a dimorphism 
at positions 77 and 80 in the α1 helix of the heavy chain 
of MHC class I. Group 1 HLA-C (C1) ligands include 
allele-encoded molecules with serine and asparagine 
(Ser77 and Asn80), while group 2 HLA-C (C2) ligands 
are characterized by allele-encoded molecules with aspar-
agine and lysine (Asn77 and Lys80) at these positions 
[38]. Group 1 epitopes bind specifically to the inhibitory 
KIR2DL2/3, while C2 are ligands for inhibitory KIR2DL1 
[39, 40]. Recent data from in  vitro studies suggest that 
KIR2DL2/2DL3 may also bind certain HLA-C2 epitopes 
(C*05:01, C*02:02, C*04:01) and some HLA-B allotypes 
that share polymorphisms with HLA-C (HLA-B*46:01, 
B*73:01) but with very low affinity [41, 42].

There is a hierarchy in the strength of inhibitory sig-
nals transmitted after interactions between KIRs and their 
cognate HLA-C ligands. The binding of C2 ligands with 
KIR2DL1 results in a strong inhibition, whereas C1 inter-
action with KIR2DL2 and KIR2DL3 generates interme-
diate and weak inhibitory signals, respectively [41, 43]. 
HLA-B allotypes with Bw4 motif at position 77–83 are 
ligands for the inhibitory KIR3DL1 [44, 45]. The binding 
affinity is more potent for HLA-Bw4 molecules having 
amino acid isoleucine at position 80 (Ile80) compared to 
those with threonine (Thr80) in the same position [44, 46]. 
Studies have shown that KIR3DL1 recognizes HLA-Bw4 
alleles with the exception of B*13:01 and B*13:02, and 
some HLA-A alleles with Bw4 motifs (A*23:01, A*24:02 
and A*32:01) [47, 48]. There is an evidence showing that 
polymorphisms in KIRs influence the recognition of HLA 
molecules, and vice versa; polymorphisms in HLA epitopes 
affect the binding to their specific receptors. For exam-
ple, the KIR3DL1*005 allele recognizes HLA-A*24:02 
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[48] and KIR3DL1*002 is a stronger inhibitory recep-
tor for Bw4 ligands in comparison with KIR3DL1*007 
[49]. Moreover, KIR3DL1 binding to B*51:01 provides 
a strong inhibitory signal, followed by B*38:01 and 
B*58:01, while the receptor binding with B*27:05 gener-
ates weak inhibition [50]. Although HLA-B*27:05 appears 
to be a weak ligand for KIR3DL1 allotypes, its interac-
tion with KIR3DL1*002 is much stronger compared to 
KIR3DL1*001 and the opposite is true for B*58:01 [50]. 
KIR3DL2 recognizes specifically HLA-A3, HLA-A11 
[51–53]. Data on the KIR2DL4 ligands are still contro-
versial. Several studies provided evidence that KIR2DL4 
binds nonclassical MHC class I HLA-G molecules, but 
other researchers failed to detect such interaction [54–58].

The ligand specificity for activating KIRs is not com-
pletely determined. The activating receptor KIR2DS1 
shares common sequences in extracellular domains with 
the corresponding inhibitory analog KIR2DL1, and there-
fore it was assumed that KIR2DS1 binds to the same HLA 
ligand specificities as KIR2DL1 but with lower affin-
ity [59–61]. This observation is supported by the find-
ing of weak interaction between KIR2DS1 and HLA-C2 
allotypes [62]. Experimental data suggest that KIR2DS4 
reacts with group C2 HLA-Cw4 allele-encoded molecules 
(HLA-C*05:01, *16:01) and HLA-A*11:02, and possibly 
with non-HLA ligands on melanoma cells [63–65]. The 
activating KIR3DS1 shares more than 95 % homology in 
the extracellular domain with its inhibitory counterpart 
KIR3DL1 and may also be implicated in Bw4 recognition 
[29, 66]. Although there is no direct evidence for interac-
tions of KIR3DS1 with Bw4 allotype, some studies pro-
vide evidence that HLA-B*27:05 is a potential ligand for 
KIR3DS1 [67–69]. The ligand specificity of activating 
KIR2DS2, KIR2DS3 and KIR2DS5 remains unknown, but 
some authors suggest that they recognize non-HLA ligands 
[70–73]. Concerning KIR2DS2, selected publications 
reveal that it binds group 1 HLA-C allele-encoded prod-
ucts [42] and HLA-A*11 [74], but other studies failed to 
demonstrate interactions between KIR2DS2 and HLA mol-
ecules (reviewed in [75]).

It should also be pointed out that self-MHC class I 
ligands are involved in the educational process during NK-
cell development being referred to as “arming” or “licens-
ing” [76–79]. This adaptation of NK reactivity through 
finely regulated processes of KIR–HLA ligand interactions 
aims to ensure the self-tolerance and functional compe-
tence of NK cells [77, 80, 81]. In addition, NK-cell educa-
tion can be tuned in a quantitative dynamic way. Thus, NK 
cells expressing iKIRs recognizing self-MHC molecules 
will be “educated” to stronger inhibition against autologous 
targets [82]. On the other hand, such NK cells will be capa-
ble of more potent cytotoxic responses when stimulated 
through activating receptors in comparison with NK cells 

expressing one of these lacking a self-recognizing iKIR 
(“unlicensed” NK cells) [83].

The fact that KIR, which is located on chromosome 
19q13.4 and HLA, which is on chromosome 6q21.3, is 
highly polymorphic gene systems inherited independently, 
leads to a great diversity in both the number and type of 
KIR/HLA pairs in different individuals. NK-cell receptor-
ligand recognition can vary at many different levels: KIR 
allelic polymorphism, KIR haplotype, HLA-B and C ligand 
polymorphism and variation in the clonal expression of 
genes. The proportion between activating (2DS, 3DS) and 
inhibitory (2DL, 3DL) receptors, the binding strength with 
the corresponding ligands and the balance between the gen-
erated signals, determine the behavior of NK cells in health 
and disease.

KIR genes and susceptibility to hematological 
malignancies

Similarly to other neoplastic diseases, the exact etiopatho-
genic mechanisms triggering the transformation of “nor-
mal” hematopoietic cells in blast proliferation has not been 
elucidated. The expansion of neoplastic cells and develop-
ment of a hematologic malignancy are highly dependent 
on ability or failure of the immune system to attack blast 
cells. The anti-tumor potential of NK cells, originally 
established in “in vitro” studies, suggests their essential 
role in the anti-leukemic immune response [84, 85]. Impor-
tant questions remain regarding whether or not immune 
genetic factors such as inherited KIRs, HLA ligands and 
KIR/HLA ligand profiles may influence the susceptibility 
to hemoblastosis. Evidence for associations of the under-
lying KIRs and KIR ligand repertoire with anti-leukemic 
effects of NK cells was first provided in allogeneic hemat-
opoietic stem cell transplantation (HSCT) [86]. Experience 
to date has demonstrated that NK-receptor incompatibility 
in the graft-versus-host direction (recipient with missing 
HLA class I ligand for donor inhibitory KIRs) is associ-
ated with lower incidence of leukemia relapse and graft-
versus-host disease [86–90], leading to improved survival 
and prognosis in transplant patients [91–93]. As a result, 
investigations have been focused on the search for associa-
tions between KIR and HLA ligand polymorphism with 
the development and progression of hematological malig-
nancies. Activating KIR2DS3 was reported as a protec-
tive factor in three independent studies dealing with acute 
lymphoblastic leukemia (ALL) [94], acute myeloid leu-
kemia (AML) [95] and chronic myeloid leukemia (CML) 
[96]. In a disease association study of individuals from 
the Bulgarian population with three subgroups of hemo-
blastosis (ALL, AML and CLL), we have demonstrated a 
lower frequency of KIR3DS1 in AML patients compared 
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to the healthy control group (17.6 vs. 47.6  %, p =  0.02; 
OR 0.2, 95  % CI 0.07–0.9) [97]. Our data are supported 
by the trend toward association of KIR3DS1 with reduced 
risk of AML observed in Iranian patients [95]. However, 
studies in Han Chinese [98], Thai [99] and Belgian [100] 
patients did not establish significant relationship between 
KIR3DS1 and AML. Family studies on patients with Hodg-
kin’s lymphoma show a dominant protective effect of the 
activating KIR3DS1 and/or KIR2DS1 for disease develop-
ment and progression, which is more strongly pronounced 
in EBV-positive patients [101]. Another activating KIR was 
also found to have a protective effect for leukemia devel-
opment—KIR2DS2 in CML [102]. It is interesting to note 
that in allogeneic HSCT, a higher survival rate is associ-
ated with donor positivity for the activating KIR3DS1 
[103] and KIR2DS2 [104] due to a reduced risk of disease 
recurrence. In contrast to the abovementioned observa-
tions, a higher frequency of the activating KIR2DS4 among 
patients with CML that was expected to be associated with 
higher anti-tumor activity is reported by Zhang et al. [94]. 
At the population level, the KIR2DS4del variant encoding 
functionally inactive receptor is more common. However, 
in the study mentioned above, no segregation analysis was 
performed and the impact of allele variants could not be 
assessed. Giebel et  al. [105] have reported that there is a 
higher frequency of KIR2DS4del(+)/2DS4norm(−) in 
CML, demonstrating that at the gene level KIR2DS4 may 
be associated with increased risk for hematologic cancers, 
but at the allelic and functional levels this seems not to 
be the case. Based on the abovementioned observations, 
it could be assumed that the dominant prevalence of acti-
vating KIR genes may be the genetic basis for high NK-
cell cytotoxicity and effective anti-tumor defense of the 
organism. On the other hand, it could be suggested that 
increased frequency of inhibitory KIRs may contribute to 
escape of malignant cells from immune attack. However, 
the above hypothesis cannot explain the decreased fre-
quency of inhibitory KIR2DL5 logically associated with 
a lower inhibitory NK-cell capacity, as established by two 
independent research groups: Karabon et al. [96] in B-cell 
chronic lymphocytic leukemia (B-CLL) and Besson et  al. 
[101] for Hodgkin’s disease. Our data also showed reduced 
incidence of KIR2DL5A variants in AML patients (17.6 vs. 
47.7 %, p = 0.02, OR 0.2, 95 % CI 0.06–0.9) compared to 
healthy controls [97]. On the other hand, Du et  al. [106] 
demonstrated that certain KIR2DL5 alleles are associated 
with KIR genotypes containing a lower number of activat-
ing receptors. Therefore, the low frequency of KIR2DL5A 
in AML and B-CLL may be considered as an indicator of 
lower activation rather than reduced inhibition. In contrast, 
it was reported that NK-cell leukemia with large granular 
lymphocyte (LGL) morphology was associated with an 
increased frequency of inhibitory KIR2DL5A and 2DL5B 

[107]. Recently, the presence of KIR2DL5A was found to 
correlate positively with minimal residual disease in ALL 
pediatric patients [108]. Interestingly, an anti-leukemic 
effect of this receptor was indirectly proven through clini-
cally significant reduced risk of AML relapse after allo-
geneic stem cell transplantation from KIR2DL5A donors 
[103]. Other observations which do not support the con-
cept of decreased activation related to lower incidence of 
KIR2DL2 were reported by Middleton et  al. [102] and 
Verheyden et  al. [100] who found higher frequency of 
KIR2DS2 in patients with leukemia (combined group of 
AML, CML, ALL and CLL). In both cases, it was assumed 
that the findings may be related to the well-documented 
strong positive linkage disequilibrium between KIR2DL2 
and KIR2DS2 on the one hand and to not fully clarified 
ligand specificity of the activating receptor—KIR2DS2 
on the other hand, making the interpretation of the results 
difficult. Additionally, Middleton et  al. [102] suggested a 
possible association of the reduced KIR2DL2 frequency 
with lower incidence of KIRB haplotypes and correspond-
ingly higher frequency of KIRAA which are preferentially 
inhibitory. The data for KIR genetic associations with the 
development of ALL in children are also conflicting. Babor 
et  al. [109], for example, did not find any association of 
ALL in pediatric patients with any of the known inhibitory 
or activating KIRs, while Almalte et  al. [110] established 
a significant reduction in the risk of childhood ALL with 
increasing cumulative sum of the activating KIR genes.

When assessing the impact of KIR genes as immu-
nogenetic factors involved in hemoblastogenesis, it is of 
essential importance to consider the context of their related 
inheritance in haplo- and genotypes, which in turn defines 
the ratio between inhibitory and activating receptors. Data 
in support of this come from significant associations of two 
specific KIR phenotypes, AB1 and AB9 including all inhib-
itory and the lowest number of activating KIRs, with acute 
and chronic myeloid leukemia, respectively [100]. Thus, 
Verheyden et al. [100] were the first to demonstrate associ-
ations of higher number of inhibitory KIRs with leukemia. 
More recent studies have found a tendency for prevalence 
of inhibitory over activating KIR genes in patients with 
AML [95]. Similarly, Karabon et  al. [96] demonstrated 
significantly increased frequency of genotypes with domi-
nant inhibitory potential determined by the ratio between 
activating and inhibitory KIRs in B-CLL. Using a model 
of analysis analogous to that of Karabon et  al. [96], we 
found two profiles that differentiate leukemic patients from 
healthy controls—higher frequency of KIR profile with 
value of 0.57 (4 aKIRs/7 iKIRs) and lower incidence of 
KIR ratio 0.66 (4 aKIRs/6 iKIRs) (Table 1). It is notewor-
thy that both KIR genotypes consist of equal numbers of 
activating but different numbers of inhibitory KIRs, which 
implies a stronger contribution of inhibitory activity to 
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the risk of disease, compared to the protective KIR geno-
type. Additionally, KIR genotypes analysis based on the 
number of activating KIR genes revealed that KIR pro-
files with lower NK activating potential (composed of two 
activating KIRs) may be a risk for leukemia development 
[97]. The most recent findings demonstrated that KIR gene 
profiles may be predictive for treatment-free remission of 
CML patients. Thus, KIR A haplotype homozygosity and 
decreased inhibitory KIR2DL2 gene frequency were asso-
ciated with achievement of complete molecular remission 
after tyrosine kinase inhibitor therapy, while the Bx haplo-
type may be indicative for leukemia relapse [111, 112]. In 
contrast, an evident beneficial survival effect was noticed 
in AML patients transplanted from unrelated donors bear-
ing KIR B haplotypes in comparison with A haplotype 
homozygous donors [87, 88, 113]. Based on this finding, 
Cooley et  al. [88] developed a donor selection algorithm 
that could be applied as a strategy for improving transplant 
outcome. The donor KIR B-content groups may be now 
easily defined as “best”, “better” or “neutral” using IPD-
KIR [15].

De Smith et  al. [114] demonstrated ethnic differences 
in the susceptibility to hemoblastosis, presented by signifi-
cant associations between KIR A/A genotype, and between 
numbers of inhibitory and activating KIR genes as well as 

with childhood ALL in Hispanic but not in non-Hispanic 
patients. It is intriguing to hypothesize that an important 
factor in the etiology of ALL may be due to population-
specific genetic variants in genes controlling the immune 
response. However, the authors suggest that the typical 
findings for Hispanic pediatric ALL could be related to 
environmental factors interacting with KIRs (e.g., types of 
infection) rather than to allelic differences between Hispan-
ics and non-Hispanic whites.

Unlike the data on leukemia, studies in Lebanese 
patients with folicular lymphoma [115] and Hodgkin’s 
disease [116], and diffuse large B-cell lymphoma in Thai 
patients [99] showed no associations between KIR geno-
types and lymphomas. Some data demonstrate that the 
effect of KIR genetic factors is not restricted to a specific 
nosological entity and is relevant for the development of 
a heterogeneous group of malignant diseases (Table  2). 
However, the results of some studies provide evidence for 
a weak anti-leukemic effects of NK cells against lympho-
blasts compared to myeloblasts [117, 118]. Compiling 
available literature, it can be summarized that more reports 
support the hypothesis for dominant prevalence of inhibi-
tory KIR gene profiles or the low frequency of activating 
ones as genetic prerequisites for decreased levels of innate 
immune protection against hematological malignancies. 

Table 1   KIR genotypes in combined group of patients with ALL, AML and CML and randomly selected healthy controls from the Bulgarian 
population

aKIR/iKIR 

ratio 0.2 0.33 0.4 0.43 0.5 0.57 0.6 0.66 0.71 0.75 0.8 0.83 0.86 1.0 1.17 1.2

Controls

n (%)

17

(13.5)

7

(5.7)

6

(4.6)

10

(8.0)

12

(9.3)

4

(3.2)

1

(0.8)

30

(23.8)

7

(5.7)

1

(0.8)

1

(0.8)

7

(5.7)

10

(8.0)

12

(9.3)

0 1

(0.8)

Patients

n (%)

11

(13.4)

8

(9.8)

9

(10.9)

4

(4.9)

6

(7.4)

10

(22.2)

0 6

(7.4)

2

(2.4)

2

(2.4)

2

(2.4)

2

(2.4)

11

(13.4)

6

(7.4)

1

(1.2)

2

(2.4)

p ns ns ns ns ns 0.003 ns 0.008 ns ns ns ns ns ns ns ns

OR

[95 % CI]

4.24

[1.2-16.7]

0.25

[0.09-0.7]

Inhibitory KIR profile

Activating KIR profile

Inh=Act

The genotypes were determined as ratios between the number of activating (aKIR) and inhibitory (iKIR) receptors [96]

Inhibitory KIR genes were counted, including framework KIR genes (KIR3DL2, 3DL3), and at least one other inhibitory KIR gene: KIR2DL1, 
2DL2, 2DL3, 2DL5, 3DL1. Therefore, the minimum number of inhibitory KIR genes was 3 and the maximum was 7 (all inhibitory KIR genes 
present). From activating KIR genes, the deleted form of KIR2DS4 was excluded while KIR2DL4 was assigned as activating, although its func-
tion is still controversial

ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, CLL chronic lymphocytic leukemia, CML chronic myeloid leukemia
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Similar data reported by different independent researchers 
are consistent with this opinion, e.g., predisposing associa-
tions of KIR haplo- and genotypes, expected to mediate 
predominantly inhibitory activity [95–97, 100]. The above 
statement is also supported by observations of protective 
effects of activating KIR3DS1 [95, 97, 101] and KIR2DS3 
[94–96] in different types of leukemia. However, other 
findings have indicated protective effects of genes coding 
for inhibitory receptors KIR2DL5 [96, 101] and KIR2DL2 

[102] or higher risks associated with activating receptors 
like KIR2DS2 [100]. Moreover, some KIRs are found with 
the opposite associations, for example KIR2DS2 as predis-
posing to [100] or protective for [102] leukemia. Together, 
these data show that KIRs as crucial receptors involved in 
the regulation of NK activity are essential for the innate 
anti-leukemia immune defense, but the exact impact of 
genetically determined KIR patterns remains incompletely 
understood.

Table 2   KIR and KIR HLA ligand genetic associations in hematological malignancies

ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, CLL chronic lymphocytic leukemia, CML chronic myeloid leukemia, ML 
myeloid leukemia, DLBCL diffuse large B-cell lymphoma, nd not determined

Disease Association Observation Potential NK cell effect References

Leukemia 2DL2 and 2DL2/2DL3 Risk ↑Inhibition [100]

2DS2 Risk nd [100]

AB phenotype (iKIRs > aKIRs) Risk ↑ Inhibition [100]

3DL1/3DL1 without HLA-Bw4 Protection ↓ Inhibition [100]

HLA-Bw4 homozygous Risk ↑ Inhibition [102]

KIRs ratio 0.57 (4 aKIRs/7 iKIRs) Risk ↑ Inhibition [97]

KIRs ratio 0.66 (4 aKIRs/6 iKIRs) Protection ↓ Inhibition [97]

HLA-C1 homozygous Risk ↑ Inhibition [99]

HLA-C2 Protection ↓ Inhibition [99]

CLL 2DS3 (female) Protection ↑ Activation [96]

HLA-Bw4(Thr80) Protection ↓ Inhibition [96]

iKIRs > aKIRs Risk ↑ Inhibition [96]

3DS1/HLA-Bw4 Protection ↑ Activation [96]

HLA-Bw4/Bw6 Risk ↑ Inhibition [100]

3DL1/3DL1 with HLA-Bw4 Risk ↑ Inhibition [100]

ML 2DL2/2DL3 and HLA-C1 Risk ↑ Inhibition [119]

2DL3/2DL3 and HLA-C1 Protection ↓ Inhibition [119]

2DL2/HLA-C1 Risk ↑ Inhibition [119]

2DS2/HLA-C1 Risk nd [119]

AML AB1 phenotype Risk ↑ Inhibition [100]

2DS3 Protection ↑ Activation [95]

3DS1 Protection ↑ Activation [95, 97]

iKIRs > aKIRs Protection ↑ Inhibition [95]

KIR2DL5A Protection nd [97]

CML AB9 phenotype Risk ↑ Inhibition [100]

2DS4del +/2DS4norm- Risk ↑ Inhibition [105]

2DS4 Risk nd [102]

HLA-Bw4 homozygous Risk ↑ Inhibition [102]

2DL2/HLA-C1 Protection nd [102]

2DS2/HLA-C1 Protection ↑ Activation [102]

ALL 2DS3 Protection ↑Activation [94]

KIR A/A haplotype (Hispanic children) Risk ↑ Inhibition [114]

HLA-Bw4 homozygous (non-Hispanic children) Risk ↑ Inhibition [114]

NK cell leukemia KIR2DL5A and 2DL5B Risk ↑ Inhibition [107]

Hodgkin disease 3DS1, 2DS1 Protection ↑Activation [103]

DLBCL KIR3DL1/HLA-Bw4(Thr80) Protection nd [99]
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KIR HLA class I ligands in hematological 
malignancies

HLA-C allele-encoded molecules are the main ligands for 
KIRs, but most studies failed to demonstrate associations 
between HLA-ligand genotypes and hematological malig-
nancies [100, 119, 120]. Yet lower incidence of HLA-C2 
and higher incidence of HLA-C1C1 was observed in Thai 
patients with AML [99]. It is worth mentioning the study 
of Karabon et  al. [96], which establishes an association 
between HLA-C2 carriage and a decreased progression-
free survival (PFS) in patients with B-CLL. In addition, 
among the HLA-C2-positive patients, a significantly lower 
probability of PFS was noted when the putative activa-
tion receptor for this ligand group, KIR2DS1, was miss-
ing. Contradictory results are reported for HLA-Bw4 
ligands. Reduced incidence of HLA-Bw4 specificities has 
been established in patients with B-CLL [96] as a result 
of lower frequency of HLA-B allele-encoded molecules 
with Bw4 (Thr80) epitopes that bind with low affinity to 
the cognate inhibitory receptor. This correlation is statisti-
cally more significant for female patients. Homozygosity 
for HLA-Bw4 allele-encoded molecules is strongly asso-
ciated with increased risk of ALL in non-Hispanic pedi-
atric patients but not in Hispanic children [114]. Middle-
ton et al. [102] also reported homozygosity for HLA-Bw4 
ligands was an independent risk factor for the development 
of CML. Although HLA-B Bw6 allele-encoded molecules 
are not ligands for KIRs, their frequency should be taken 
into consideration. The lack of HLA-Bw6 in an individ-
ual may be interpreted in the context of the presence of 
two HLA-B Bw4 allele-encoded molecules (HLA-B Bw4/
Bw4). Supporting the significance of HLA-Bw6 in hema-
tological malignancies are the data of Middleton et  al. 
[102], demonstrating a protective role of this subgroup of 
specificities for leukemia development, particularly for 
AML and CML. We also found a lower incidence of HLA-
Bw6 allotypes in patients with myeloid leukemia com-
pared to the control group, and the difference was more 
noticeable for CML [97]. The reduced frequency of HLA-
Bw6 among our patients may be considered as an indi-
cation of more individuals with one or two HLA-B Bw4 
alleles in their genotype. These ligands generate stronger 
inhibitory signals by binding to their cognate inhibitory 
receptor, KIR3DL1, and therefore maintain the NK cells in 
a state of hyporesponsiveness. HLA-B Bw6 allele-encoded 
molecules have no functional significance for KIRs, and 
their protective role may be associated with lower NK-cell 
inhibition and more effective anti-tumor protection. Addi-
tionally, the downregulation of HLA class I expression in 
leukemia is more common for HLA-Bw6 antigens [120]. It 
could be expected that in heterozygous patients (carriers of 

HLA-B Bw6/Bw4), the malignant cells will evade immune 
system detection by two mechanisms—escape from T-cell 
cytotoxicity by reduced/lost HLA-Bw6 expression and 
simultaneously evasion of NK-cell attack by increased 
HLA-Bw4/KIR3DL1-mediated inhibition.

The contradictory and irreproducible results reported by 
independent research groups make it hard to draw firm con-
clusions for KIR HLA ligand associations with hematolog-
ical malignant diseases. Therefore, at present, the presence 
of HLA-Bw4 homozygosity as a risk factor for leukemia 
occurrence can only be considered possible.

Impact of inherited KIR/HLA class I ligand gene 
combinations in hematological malignancies

Effector NK functions are controlled not only by the 
expression of KIRs on NK cell surface and their HLA 
class I ligands on target cells, but also by the functional 
receptor-ligand combinations. In this context, a protec-
tive effect of the KIR2DS2/HLA-C1 pair associated with 
higher NK-cell cytotoxicity was established in CML [102]. 
On the other hand, the presence of HLA-C2 in absence of 
the activating KIR2DS1 was an indicator for more severe 
course of B-CLL [96]. Verheyden et  al. [104] found a 
higher percentage of KIR2DL2/KIR2DL3 and heterozy-
gous HLA-C1-positive individuals among patients with 
acute and chronic myeloid leukemia. Such combina-
tions can lead to stronger inhibition due to higher binding 
affinity of KIR2DL2/KIR2DL3 compared to KIR2DL3 
alone with their cognate HLA-C1 ligands. This idea is 
supported by the lower frequency of homozygous indi-
viduals for KIR2DL3 and HLA-C1 ligands [2DL3/L3(+)/
HLA-C1C1(+)] among the same patient cohort that may 
be considered as a precondition for higher NK anti-tumor 
activity and protective effects. In patients with chronic lym-
phocytic leukemia, an increased incidence of KIR3DL1/
HLA-Bw4 combinations mainly due to a prevalence of 
KIR3DL1 homozygous individuals [3DL1/3DL1/HLA-
Bw4(+)] was observed [100]. Significant associations 
between the presence of inhibitory KIR3DL1/HLA-Bw4 
combination and increased risk of leukemia were found in 
non-Hispanic white children with ALL as well [114]. Inter-
esting data from Vejbaesya et al. [99] support a protective 
effect of KIR3DL1/HLA-Bw4(Thr80) carriage regarding 
the risk of diffuse large B-cell lymphoma (DLBCL). Kara-
bon et al. [96] associated the presence of HLA-Bw4 along 
with the activation analog of KIR3DL1 [KIR3DS1(+)/
HLA-Bw4(+)] not only with protection against B-CLL but 
also with a reduced risk of leukemia progression. The ben-
eficial role of this KIR/ligand combination was indirectly 
confirmed by a decreased incidence of relapse observed in 
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HSCT between KIR3DL1(+)/3DS1(+) donors and HLA-
Bw4(+) recipients, probably due to a potential graft-ver-
sus-leukemia effect of alloreactive NK cells [121].

Despite the data on lymphoid neoplasia, Tao et al. [98] 
found no associations of KIR3DS1/Bw4 and KIR3DS1/
Bw4-80I pairs with acute myeloid leukemia. Nearman 
et al. [122] did not observe a relationship between specific 
KIR/HLA profiles and cytotoxic T-cell LGL. However, 
they found significant mismatches between KIR3DL2 and 
KIR2DS1, and their respective HLA-A3, HLA-A11 and 
HLA-C2 ligands, but the biological significance of these 
results is difficult to explain.

Based on the data from disease association studies, we 
have attempted to integrate in a schematic representation 
the potential impact of KIRs and HLA ligands in the patho-
genesis and resistance to blood cancers (Fig.  1). Overall, 
our current knowledge of KIR/ligand polymorphism in 

hematologic malignancies outlines two trends—higher 
levels of KIR-mediated inhibition and high levels of 
KIR-mediated activation. Inhibitory KIR phenotypes and 
KIR/ligand combinations may favor the escape of aber-
rant cells from immune control. Regardless of the loss of 
HLA expression by tumor cells, the downregulation may 
not affect all KIR ligands, which will not influence the 
inhibitory potential of NK cells. In support of this idea, 
the decreased expression of HLA class I molecules and 
mainly of Bw6 group in a heterogeneous group of patients 
with leukemias is established [120]. Leukemia cells 
with reduced/absent HLA-Bw6 expression but preserved 
expression of HLA-Bw4 molecules can evade from both 
CTL and NK cells. Moreover, in acute lymphoprolifera-
tive diseases, the loss of HLA class I expression is infre-
quent [123], and the inhibitory KIR-ligand combinations 
may facilitate the escape of leukemic cells from NK-cell 

HLA-B Bw4/Bw4

HLA-C1C1

KIR2DS4del

KIR2DS2

KIR2DL2/2DL3

KIR2DL5A, B

HLA-C1 KIR2DL2/2DL3

HLA-Bw4 KIR3DL1

Blast cell NK cell

A B B C

Suscep�bility

Protec�on

KIR2DL5A

Blast cell NK cell

A B B C

HLA-Bw4 (Thr80)

HLA-B Bw6/Bw6

HLA-C2

HLA-Bw4 KIR3DS1

HLA-C1 KIR2DL3/2DL3

KIR2DS1

KIR2DS2

KIR2DS3

?

Fig. 1   The most common KIR and HLA ligand associations 
observed in hematological malignancies. The figure shows possible 
associations of KIR HLA ligands alone (A), KIR/HLA ligand combi-
nations (B) and KIRs alone (C) with susceptibility to (upper side) or 
protection (lower side) from hematological malignancies. Homozy-
gosity for HLA-B Bw4 and HLA-C1 group allele-encoded molecules 
on target blast cells (A), or presence of inhibitory receptors and non-
expressed form of KIR2DS4 (2DS4del) on NK cells (C) are a pre-
requisite for inhibition of NK cell reactivity (red minus). In addition, 
the interactions between inhibitory KIRs and their cognate HLA class 
I ligands (B) send strong signals resulting in no-killing of blasts. In 

associations related to protection, the presence of low affinity HLA-
Bw4(Thr80) alleles and HLA-C2 ligands, and non-KIR ligands 
HLA-B Bw6 specificities (A) may be related to decreased inhibition 
and high activation (blue plus), respectively. Predominance of acti-
vating NK-cell receptors (C) and the interaction between activating 
KIR3DS1 and their putative (?) cognate HLA-Bw4 ligands (B) may 
generate activation signals, leading to elimination of neoplastic cells. 
Additionally, the weaker KIR2DL3/2DL3-HLA-C1 interaction (B) 
may result in decreased NK cell inhibition that can be overcome by 
activating signals, leading to a lysis of emerging malignant cells
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immune surveillance. Activation KIR genotypes may have 
opposite effects in various malignancies depending on 
whether or not the infection is involved in tumor patho-
genesis. Probably for malignant diseases with infectious 
pathogenesis (e.g., EBV-induced non-Hodgkin lymphoma, 
such as DLBCL), activating KIR genotypes may represent 
a genetic risk profile, while the inhibitory KIR genotypes 
may be relatively protective.

Concluding remarks

There is growing evidence for associations of KIRs and 
KIR/ligand polymorphisms with the susceptibility and 
progression of malignant diseases, including hematologic 
neoplasia. However, the exact mechanisms of action of 
activating and inhibitory receptors remain unclear and no 
studies have been performed to assess the clinical conse-
quences of KIR allelic diversity. Based on the available 
genetic data, several different models explaining the inter-
actions between KIR and HLA genetic systems in NK-cell 
recognition of neoplastic cells have been proposed. We are 
in a period of intense development for immunotherapies 
against cancer aimed at effectively and safely modulating 
anti-tumor immune responses. The increasing knowledge 
of KIRs and their ligands illustrates the therapeutic poten-
tial of NK cells and paves the way for their application in 
cancer biotherapy (reviewed in [124–126]). Adoptive trans-
fer of ex vivo bioprocessed NK cells for treatment of dif-
ferent malignancies is under extensive development and 
evaluation. This approach is considered in addition to the 
effect of KIR-ligand mismatch between donor and recipient 
to improve the clinical outcome of HSCT. Progress is also 
being made with administration of monoclonal antibodies 
or bispecific and trispecific antibody derivates, designated 
killer engagers, in order to boost antibody-dependent cel-
lular cytotoxicity. Blocking inhibitory KIRs is another 
antibody-based therapeutic option aiming to increase NK-
cell-mediated killing. Genetic manipulations oriented to 
overexpression of activating receptors, silencing of inhibi-
tory receptors or transduction of NK cells with chimeric 
receptors are promising new approaches. The obtained ther-
apeutic results are encouraging not only in experimental 
models but also in clinical trials. The future will undoubt-
edly provide new ways for using NK cells in cancer immu-
notherapy. This makes further studies on the inhibitory and 
activating NK-cell pathways important in order to deter-
mine the precise mechanisms for escaping innate immune 
surveillance used by different types of malignant cells and 
application of this knowledge in clinical practice.
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