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Summary

Despite progress made in the field of immunosuppression,
graft rejection remains a major cause of morbidity and mor-
tality of patients after solid organ transplantation. There
are several genetic causes which could influence the out-
come of renal transplantation. One of the main determining
factors of success in renal transplantation is human leuk-
ocyte antigen (HLA) compatibility between donor and re-
cipient, particularly at HLA-A, HLA-B and HLA-DR loci.
HLA compatibility remains an essential immunological
barrier, despite modern immunosuppressive treatments.
There is also evidence that natural killer (NK) cell allore-
activity contributes to the immune response which mod-
ulates the outcome of renal transplantation. However, the
clinical impact of combinations of KIR genes (family of
NK cell receptors) and their HLA ligands in donor and re-
cipient still remains to be clearly established. Furthermore,
cytokines are involved in the immune reaction against the
renal transplant, but the implication of the genetic poly-
morphism of cytokines is strongly debated. Therefore,
while HLA compatibility remains a primordial component
for any renal transplantation, it would be premature to use
the two other genetic aspects as criteria for organ allocation
and as prognostic factors.
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Introduction

Solid organ transplantation between two genetically un-
related individuals induces a powerful immune response
in the recipient leading to the rejection of the graft. This
immunological reaction is largely determined by genetic
factors. The strategies to inhibit this reaction include op-
timal genetic compatibility between donor and recipient
and the use of immunosuppressive treatment to prevent re-
jection. In addition to the classical human leukocyte an-
tigen (HLA) system, other immunogenetic factors have
emerged as being of significant interest in transplantation
immunology. The present review summarises the current

knowledge of the significance of HLA compatibility, fo-
cusing on the KIR receptors of natural killer (NK) cells and
on the genetic polymorphism of several cytokines (IL-6,
IL-10, TNF-α and TGF-β). These non-HLA immunogenet-
ic markers have been evaluated in a limited number of pub-
lications, mainly in regard to kidney transplantation.

The HLA polymorphism

The HLA genes are clustered on the short arm of chromo-
some 6 and code for the 3 HLA class I antigens (HLA-A,
-B, -C) and the 3 HLA class II antigens (HLA-DR, -DQ,
-DP) that are relevant to transplantation. The HLA genes
constitute a multigenic system with a high degree of allelic
polymorphism in human populations, with over 7,500 dif-
ferent alleles and over 5,458 expressed HLA antigens cur-
rently known (fig. 1).

Figure 1

MHC genes alleles. Short arm of chromosome 6 with
representation of three HLA class I genes and three HLA class II
genes. The latter have a different gene that encodes each α and β
chain forming the final HLA class II molecule. These genes encode
polymorphic proteins (over 5,400) known currently and are involved
in the presentation of antigens to T cells. Moreover, the total
number of alleles for the HLA loci is over 7,527, including silencing
alleles (IMGT/HLA database).
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An additional level of complexity exists in the HLA-DR
sub-region. Whereas all individuals have a DRB1 gene that
codes for alleles of the DR1-DR18 serotypes, about 90%
of individuals have a second DRB gene: DRB3, DRB4 or
DRB5. This second DRB locus codes for the much less
polymophic serotypes DR52, DR53, and DR51 respect-
ively.
Since HLA genes are co-dominantly expressed as cell sur-
face glycoproteins, a heterozygous individual may express
up to 14 different HLA antigens. The biological function of
HLA molecules is to present peptide antigens to T lymph-
ocytes. The HLA diversity is important in human popula-
tions as HLA polymorphism gives rise to a broader peptide
antigen recognition and presentation to T cells, allowing an
optimal adaptive immune response.
HLA polymorphism thus represents an important immun-
ological barrier in solid organ transplantation, and the risk
of acute/chronic rejection due to incompatible HLA an-
tigens persists. The number of HLA disparities increases
the risk of graft failure, and the better the recipient/donor
HLA compatibility, the better the chances for a successful
transplantation [1–3]. Due to their high allelic polymorph-
ism, HLA molecules are potent inducers of the immune re-
sponse and anti-HLA antibodies develop after exposure to
allo-HLA antigens, typically after blood transfusion, preg-
nancy and previous transplantation [4]. The de novo devel-
opment of these anti-HLA antibodies is a risk factor for
graft rejection and the presence of preformed anti-HLA an-
tibodies also represents a barrier to successful transplanta-
tion [5, 6].
Although the impact of HLA compatibility has been recog-
nised for 2 decades (reviewed by Wujciak & Opelz) [7], the
advances in immunosuppression protocols are such that re-
jection episodes are managed more efficiently, thus minim-
ising the importance of HLA matching. A study based on
the UNOS data reported that the impact of HLA compatib-
ility had greatly diminished [8]. Consequently, some alloc-
ation programmes have gradually toned down the role of
HLA matching from the algorithms used for prioritisations
on the waiting list. The lower importance of HLA matching
was also favoured in the early years of the 21st century with
the advent of the microarray-based luminex technology for
detecting donor-specific antibodies (DSA), thus allowing
organ allocation around well characterised HLA specificit-
ies.
However, results of the large CTS study cohort (135,970
kidney transplants) clearly showed that HLA matching on
graft survival rate has not lost its importance, and its signi-
ficance is obvious when comparing the decades 1985–1994
and 1995–2004 [9]. Even when analysing the last 5 years
of the study period separately (2000–2004), a significant
correlation of graft survival with HLA matching was dis-
closed [9]. An analysis of the SRTR data base (1988–2007)
consisting of >15,000 re-transplant candidates revealed the
negative effect of poor HLA matching on graft survival
after the first transplantation associated with a significant
increase in the development of anti-HLA antibodies (meas-
ured by panel reactive antibody (PRA)) proportional to in-
creasing HLA mismatches. Only 10% of patients with 0
HLA-A and -B-mismatches became newly sensitised after

graft loss compared to 37% (>30% PRA) in transplants
with a greater extent of HLA mismatches [10].
In addition to the classical HLA-A, -B and -DR antigens,
the role of HLA-C and -DQ antigens in terms of graft sur-
vival or sensitisation is now documented [11, 12]. Ana-
lysis of the immunogenicity of incompatible HLA-A, -B
antigens in terms of the numbers of amino acid residue
mismatches (epitopes mismatches) is associated with better
transplant outcome than conventional matching based on
HLA typing by serology [13]. Although anti-DP antibodies
are frequently detected in sensitised patients, their impact
on transplant outcome is still not clear and needs to be fur-
ther evaluated.
In the context of kidney transplantation from live donors,
donor age and HLA matching have recently been shown to
be independent donor-related risk factors associated with
both decreased patient and graft survival [14].
Based on a better understanding of anti-HLA immunisa-
tion, Duquesnoy [15, 16] developed a new computer al-
gorithm, HLAMatchmaker, making it possible to assess
HLA mismatch acceptability based on the epitopes recog-
nised by anti-HLA antibodies. These epitopes are charac-
terised by crucial amino acid residues (so-called “eplets”)
that dominate in antigen-antibody binding. HLA match-
maker represents a useful tool for determining histocom-
patibility at the epitope level that goes beyond the classical
HLA-A, -B, -DR matching algorithm.

Natural killer cells and polymorphism
of KIR receptors

Natural killer (NK) cells
“Natural killer” cells are large lymphocytes of the innate
immune system [17–19] that represent 5–25% of mononuc-
lear circulating cells. They establish the first line of de-
fence of the body against intracellular infections and tu-
moural cells [17–19]. The two main effective functions of
NK cells are lysis of the target cells by cytotoxic granules
and the secretion of pro-inflammatory cytokines (ex: IFN-
γ and TNF-α) [17–19]. NK cells possess various recept-
ors on their surface. Some receptors issue activating sig-

Figure 2

Natural killer cell receptors. Natural killer cells express activating
and inhibitory receptors belonging to specific families of receptors
like the KIR family.
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Figure 3

Activation and inhibition of natural killer cells. The KIR protein can
be divided into activating KIR (i.e KIR2DS [S for short]) or inhibitory
KIR (i.e. KIR2DL [L for long]). The activating and inhibition signal is
mediated by the short or the long tail of the KIR receptor after the
binding with the HLA-C ligand. ITIM and ITAM motifs drive the
inhibitory and activating signal respectively by a phosphorylation
process.

Figure 4

The regulation of natural killer cell responses. The natural killer cell
response is dependent on the balance between activating,
inhibitory receptors and the expression of their ligand on the
surface of target cells.
The absence of ligand is characterised by the absence of signalling
(1). The expression of ligand (HLA-C1 in blue as a prototypical

example) for inhibitory receptor (iKIR in red) is characterised by an
inhibitory signal (2). The absence of ligand for inhibitory receptor in
presence of activating receptor with their cognate ligand induce an
activation of the NK cells, that is called the “missing self” (3). The
balance of activating and inhibitory receptors in presence of their
ligand will drive the state of NK cells activation (4). The presence of
activating receptor with their ligand in absence of the specific ligand
(HLA-C2 in grey as a prototypical example) for inhibitory receptor
(iKIR in red) activates NK cells. Such situation is called the “missing
ligand” (5).

nals and others issue inhibitory signals (fig. 2) [19]. The
following section is devoted exclusively to “killer-cell
immunoglobulin-like receptors” (KIRs).

KIR genes
The KIR genes are located in the region of the genome
called “leukocyte-receptor complex” (LRC) on the chro-
mosome 19 [19, 20]. The family of KIRs consists of fifteen
genes that code for activating or inhibitory KIRs, and of
two pseudo-genes which do not code for a functional pro-
tein [19]. In the LRC, the KIR genes are organised in the
form of haplotypes which vary according to the number
and the type of KIR genes present [19, 21]. In the human
system, the segregation of these various haplotypes gener-
ates a large variety in numbers and types of KIR genes in-
herited by an individual. As for HLA genes, there is also
the extensive polymorphism of KIR genes [19, 20] which
influences their expression at the cell surface and their af-
finity to specific KIR ligands. A given NK cell expresses
only a single part of the KIR genes present in its genome
[18, 22]. The expression of a certain KIR gene is random.
Consequently, each NK cell expresses its own repertoire of
KIR receptors and this account for a great heterogeneity of
NK cells within an individual [23, 24].
KIR proteins are cellular receptors which are either activ-
ating (aKIRs) or inhibitory (iKIRs) (fig. 2 and 3) [18, 19].
They consist of two or three immunoglobulin-like domains
in their extracellular extremities which serve as the site of
interaction for the specific ligand, of a transmembrane re-
gion and of a cytoplasmic region which is responsible for
the signal transduction within the NK cell (fig. 3). KIR mo-
lecules formed by two or three immunoglobulin-like do-
mains are named KIR2D or KIR3D. Furthermore, accord-
ing to the length of the cytoplasmic tail which can be either
long or short, the receptors are called KIR2DS (for short)
or KIR2DL (for long) (fig. 3). Generally, a long cytoplas-
mic tail sends an inhibitory signal and a short cytoplasmic
tail produces an activating signal inside the NK cell. There
is, however, an exception for the KIR2DL4 receptor which
can simultaneously generate activating and inhibitory sig-
nals [18, 19, 25, 26] (www.ebi.ac.uk).

KIR functions
aKIRs recognise a heterogeneous group of ligands that are
expressed by cells undergoing stress (ex: intracellular in-
fection, tumoural transformation) [18, 19]. They induce ac-
tivation of NK cells. iKIRs link to HLA class I molecules
which are expressed on all healthy nucleated cells [18, 19,
27]. Engagement of iKIRs inhibits the activation of NK
cells.
Known combinations for the interaction between iKIRs
and HLA class I are the following [18–20]:
– KIR2DL2/3 + HLA-C from group C1 (Cw1/3/7/8) carry-
ing aspargin in position 80.
– KIR2DL1 + HLA-C from group C2 (Cw2/4/5/6/15) car-
rying lysin in position 80.
– KIR3DL1 + HLA-A/HLA-B with a Bw4 serological epi-
tope.
– KIR3DL2 + HLA-A3 and HLA-A11.
The final integration of all KIR signals, generated by a
variety of activating and inhibitory receptors at the time of
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interaction with the target cell, determines the behaviour/
action of the NK cell [18, 19]. NK cells are capable of
discriminating between a healthy cell which must be pre-
served and an infected/tumoural cell which must be elimin-
ated [19, 28]. The main interactions between NK cells and
target cells are illustrated and commented on in figure 4
and its legend.
KIR genes are located on chromosome 19 and HLA genes
on chromosome 6, and therefore the inheritance of these
separate families of polymorphic genes generates diverse
combinations of pairs of iKIR-HLA class I within individu-
als [19, 29]. Thus, it is possible that some iKIRs do not find
specific ligands. Less than 10% of the population has the
four pairs of interacting iKIR-HLA class I described above.
Nevertheless, approximately 70% of individuals possess
two- to three pairs of iKIR-HLA class I and only 20% have
a single pair. However, every NK cell acquires a functional
competence, but only if it possesses at least one inhibitory
receptor like iKIR which interacts in an adequate way with
its ligand [19, 26].
If the cell does not fit this selection criterion, the NK cell
stays in a hypoactive state, precluding its activation and de-
fensive action against autologous cells or a potential auto-
immune response [26]. Besides, aKIRs seem less essential
than iKIRs to the function of NK cells since some indi-
viduals do not possess aKIR and are nevertheless healthy
[21]. Activating KIR can also bind HLA ligands but less
strongly compared to iKIR. Most of the aKIR ligands are
still unknown, some aKIR can bind HLA-C as well as in-
hibitory KIR but with less affinity (like KIR2DS21 with
some alleles of the HLA-C2 group and -2DS4 with few al-
leles mainly from HLA-C1 group) but additional ligands
for aKIR are the purpose of intense research [21]. As a gen-
eral rule, a single NK cell possesses more inhibitory recept-
ors than activating receptors [18, 19].

Role of KIR polymorphism in solid organ
transplantation
Alloreactivity of a recipient’s NK cells could participate
in the immunological reaction which influences the out-
come of solid organ transplantation [29, 30]. NK cells can
react against the graft by several mechanisms [29, 30];
1) If the transplanted cells do not express the same HLA
class I molecules as the recipient’s, NK cells detect the
“missing-self”, (see fig. 4) become activated and induce
lysis of the donor cell; 2) Inflammation caused by surgery
during solid organ transplantation induces the expression
of stress molecules on graft cells that are recognised by
aKIRs (“induced-self killing”) making them susceptible to
the NK cell attack [30–32].
A limited number of studies have investigated the influence
of KIR, their HLA ligands and the outcome of the trans-
plantation. Some reports have demonstrated a correlation
between specific KIR/HLA-C and graft survival in kidney
and liver transplantation [9, 33, 34]. However, this effect
was not systematically observed [35, 36]. The divergent
conclusions could be explained by differences in the set-
up of the cohorts and the quality of KIR/HLA typing, and
these studies also highlight the complexity of HLA–NK
cell interactions as well as the pitfalls of studies based
on genetic polymorphisms. A recent report suggests that

the role of KIR and their HLA ligand could be important
mainly in the context of HLA-A, -B, -DR compatible trans-
plantation [37].
In addition, the MHC genotype of the recipient could also
be important for the NK cells to reach functional maturity.
This requirement for self-MHC-specific KIR has been
termed “licensing” [26]. A patient whose NK cells are li-
censed for KIR2DL2/3 is not a suitable recipient for an or-
gan from a donor with HLA-C specific for KIR2DL1. The
licensing of NK cells depends on KIR/HLA-C specificity,
which in turn can vary widely from one population to an-
other [29, 30].
In addition, NK cells could induce an immunological toler-
ance to the transplanted organ, through the elimination of
donor’s APCs, limiting the alloreactive T-cell activation by
direct recognition [31, 32, 38]. The exact role of NK cell al-
loreactivity in solid organ transplantation is still controver-
sial. The mechanisms leading to NK cell activation in the
context of solid organ transplantation need to be fully elu-
cidated. The role of NK cells is better known with regard
to hematopoietic stem cell transplantation, particularly as
far as their implication in grafts against leukaemia (graft-
versus-leukaemia [GVL]) is concerned [39, 40].
NK cells can be found in biopsies of renal grafts undergo-
ing acute rejection and more interestingly “NK-type” tran-
scripts are a signature of antibody-mediated-rejection [41].
This observation indirectly implies the participation of NK
cells in the immunising response to the graft, especially
since they exercise all the necessary functions to activate a
rejection.
However, further studies are necessary to assess the clinical
importance of NK genetic compatibility as a strategy to im-
prove the survival of renal transplants.

Polymorphism of cytokines

Cytokines are small short-acting proteins that are produced
by cells of the immune system. They are essential mediat-
ors of the inflammatory and immune responses, and once
secreted, they bind to a specific receptor on the surface of
the target cell and activate cellular function. They are pleio-
tropic, often redundant, and they can have a synergic or
antagonist action, whether local or systemic [17]. The func-
tions of the cytokines discussed in this review are summar-
ised in table 1. Genetic polymorphisms of cytokine genes
may influence their levels of production, their affinity to
their specific receptors as well as their activity [42, 43].
Polymorphism may be due to a single nucleotide change

Figure 5

Cytokine polymorphism. Gene encoding a cytokine with
representation of two polymorphisms of a single nucleotide (SNPs)
in the gene promoter (X) and in the gene itself (X).

Review article: Medical intelligence Swiss Med Wkly. 2012;142:w13668

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 4 of 12



at the genetic sequence level (single nucleotide polymorph-
ism, SNP). Such mutations occur in the coding or non-cod-
ing regions like the promoter, enhancer, methylation site
(epigenetic regulation) or RNA splicing site (fig. 5). Sever-
al SNPs have been identified in all cytokine genes [44].
In addition, cytokine receptors are also polymorphic, but
this aspect will not be discussed here.
The role of specific candidate gene polymorphisms has
been investigated in a number of studies, mainly in trans-
plantation between relatives. These studies have yielded
controversial results due to small sample sizes (inadequate
statistical power), incomplete study designs, and lack of
adjustments for multiple comparisons. Specifically in or-
gan transplantation, important variables that are critical for
graft survival like HLA compatibility, anti-HLA antibodies
(DSA, non-DSA) and degree of immunosuppression, have
not been taken into account in studies about cytokine poly-
morphism and transplantation, and this can explain why
most of these studies have given inconclusive results. For
example, several studies failed to show significant effects
of the genetic polymorphism of cytokines on the survival
of renal transplants, particularly for cytokines such as IL-6,
IL-10, TNF-α and TGF-β1 [45–50].
As illustrated in table 2, studies on IL-6 -174 G/C – an SNP
associated with different IL-6 levels – revealed somewhat
disparate results, possibly linked to the pro- and anti-in-
flammatory properties of this cytokine. Also the variable
phenotypes hinder informative comparisons between the
different studies. Altogether, it appears that IL-6 SNP gen-
otypes associated with a higher production of IL-6 are more
frequently associated with an unfavourable clinical out-
come. It is of note, however, that the two “negative” studies
are the ones with the largest number of patients.
Among the polymorphisms most frequently targeted for the
candidate gene analysis are IL-10-1082, TNFα-308, and
TGF-β+10. As illustrated in a previous review [51], the
data so far available do not warrant conclusive results, al-
though some trends do emerge.
Several studies have reported a link between
IL-10-1082G/A polymorphism and renal transplantation

outcome [52], a lower rejection risk being associated with
the -1082GG genotype (high IL-10) and a higher rejection
incidence conferred by the -1082AA genotype (low IL-10).
Several studies have reported that high TNF-α producer
genotypes were associated with higher rates of acute re-
jection episodes after kidney transplantation [53–55], but
this association was not confirmed in later studies [55, 56].
Interestingly, in the largest study published to date, TNF-
α-308A (high producer genotype) was associated with
lower graft survival rates in re-transplant patients but not
in first transplant patients [57]. A single-centre study on
436 patients, in which 9 SNPs were tested at the TNF-α,
MCP-1, RANTES, IFN-γ, and TGF-β loci, did not reveal
any impact on the outcome of kidney transplantation [56].
In a meta-analysis of 1,087 individual patient data targeting
TGF-β, IL-10 and TNFα polymorphisms, only 2 SNP-hap-
lotypes, IL-10-1082/819/-592ACC and TGF-β+10/+25CC,
were associated with poor outcome but with OR below 1.5
[46].
The impact of genetic polymorphisms of cytokines on renal
transplantation is still strongly debated [43, 58, 59]. When
analysing these results, it has to be kept in mind that cy-
tokines are involved in complex inflammatory and immun-
ological cascades and that they form a complicated net-
work. Thus, the effect of an isolated genetic variability in
a cytokine may be difficult to pinpoint in view of the com-
plex pathways at play in biological systems such as organ
rejection. In solid organ transplantation, the immune re-
sponse is not only determined by the activities of the recip-
ient’s cytokines but also by those of the donor [45, 60].
As with NK polymorphism, cytokine gene polymorphisms
are not a criterion for donor selection or for the identifica-
tion of patients at higher risk of rejection. Additional stud-
ies are necessary to shed more light on the relationship
between genetic polymorphism of cytokines and outcome
of solid organ transplantation.

Table 1: Cytokines and their biological effects.

Cytokines Principal secreted cells Biological and cellular actions
IL-6 Macrophages

Endothelial cells
T cells

Pro-inflammatory and anti-inflammatory properties
Synthesis of proteins of the acute phase by the liver
Proliferation of B cells producing antibodies
Production decrease of IL-1 and TNF-α

IL-10 Monocytes
T cells (Th2)

Pro-inflammatory and anti-inflammatory properties
Development inhibition of lymphocytes Th1
Increase of humoural inflammatory response
Production decrease of IL-1, TNF-α and IFN-γ
Anergy of T cells

TNF-α Macrophages
T cells

Powerful pro-inflammatory action
Endothelial cells activation and increase of adherence molecules
Increase of vascular permeability
Activation and recruitment of PMN on inflammation site
Fever (hypothalamus)
Synthesis of proteins of the acute phase by the liver
Apoptosis of numerous cell types
Stimulation of angiogenesis
Pro-thrombotic activity

TGF-β1 Stimulation of fibrogenesis
Inhibitors of growth of certain cell types

Interleukin-6 = IL-6; Interleukin-10 = IL-10; tumour necrosis factor-alpha = TNF-α; Transforming growth factor-beta 1 = TGF-β1.
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Conclusion

It is well established that the most important genetic factor
in determining the outcome of the renal transplant is HLA
compatibility between donor and recipient, particularly at
HLA-A, HLA-B and HLA-DRB1 loci. In addition, the new
immunosuppressive drugs do not compensate entirely for
the deleterious effect of the HLA incompatibility. On the
contrary, the polymorphism of NK cell KIR receptors and
cytokine gene polymorphisms may play a role, but its clin-
ical impact is still being debated. Due to the pleiotropic
effect of cytokines and of the multigenic origin of post-
transplant complications, such polymorphisms should be
analysed in combinations. In summary, HLA compatibility
is the main criterion in organ allocation programmes and
for the time being it is too early to resort to KIR/HLA com-
binations and cytokine genotypes in the decision algorithm.
Furthermore, non-immunological factors such as ischaemia
time and duration of dialysis before transplantation have to
be taken into account. However, given the limited number
of available organs for transplantation, the majority of pa-
tients are allocated organs only partially HLA-compatible.
Obviously, additional immunogenetic criteria could make
the task even more complex and prolong the time on the
waiting list for patients with unfavourable genetic factors.
The identification of genetic markers could help to stratify
the risk of rejection and lead to administer adapted immun-
osuppressive treatments. Indeed, it is important to identify
recipients at high risk of rejection with the aim of adapting
their immunosuppression accordingly, while minimising it
for those patients at low risk, in order to avoid the side ef-
fects of these drugs and ensure the best possible quality
of life for transplanted patients. At present, the recommen-
ded strategy to improve the outcome of renal transplants is
the association of optimal donor/recipient HLA compatib-
ility and the use of personalised immunosuppressive med-
ication.
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Figures (large format)

Figure 1

MHC genes alleles. Short arm of chromosome 6 with representation of three HLA class I genes and three HLA class II genes. The latter have a
different gene that encodes each α and β chain forming the final HLA class II molecule. These genes encode polymorphic proteins (over 5,400)
known currently and are involved in the presentation of antigens to T cells. Moreover, the total number of alleles for the HLA loci is over 7,527,
including silencing alleles (IMGT/HLA database).

Review article: Medical intelligence Swiss Med Wkly. 2012;142:w13668

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 9 of 12



Figure 2

Natural killer cell receptors. Natural killer cells express activating and inhibitory receptors belonging to specific families of receptors like the KIR
family.
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Figure 3

Activation and inhibition of natural killer cells. The KIR protein can be divided into activating KIR (i.e KIR2DS [S for short]) or inhibitory KIR (i.e.
KIR2DL [L for long]). The activating and inhibition signal is mediated by the short or the long tail of the KIR receptor after the binding with the
HLA-C ligand. ITIM and ITAM motifs drive the inhibitory and activating signal respectively by a phosphorylation process.
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Figure 4

The regulation of natural killer cell responses. The natural killer cell response is dependent on the balance between activating, inhibitory
receptors and the expression of their ligand on the surface of target cells.
The absence of ligand is characterised by the absence of signalling (1). The expression of ligand (HLA-C1 in blue as a prototypical example) for

inhibitory receptor (iKIR in red) is characterised by an inhibitory signal (2). The absence of ligand for inhibitory receptor in presence of activating
receptor with their cognate ligand induce an activation of the NK cells, that is called the “missing self” (3). The balance of activating and
inhibitory receptors in presence of their ligand will drive the state of NK cells activation (4). The presence of activating receptor with their ligand
in absence of the specific ligand (HLA-C2 in grey as a prototypical example) for inhibitory receptor (iKIR in red) activates NK cells. Such
situation is called the “missing ligand” (5).

Figure 5

Cytokine polymorphism. Gene encoding a cytokine with representation of two polymorphisms of a single nucleotide (SNPs) in the gene
promoter (X) and in the gene itself (X).
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