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Importance of MHC Class-I bound
Peptide in the Regulation of KIR
Mediated Inhibition of Natural
Killer Cells

Introduction

Natural killer (NK) cells represent the third largest population
of lymphocytes characterized by CD3-, CD56+ cell surface
phenotype [1]. NK cells have been shown to play a crucial role
in clearance of malignant and virally infected cells, rejection
of bone marrow transplant, maintenance of pregnancy and
auto-immune disorders [2]. NK cells are important not only
in innate immunity but they also play role in the regulation of
adaptive immunity [3,4]. The ability of NK cells to discriminate
between normal and abnormal cells is of immense importance
to avoid killing of normal cells. Unlike T cells that undergo gene
rearrangement to recognize MHC/peptide complexes, NK cells
use inhibitory or activating receptors that do not require gene
rearrangement; which has been confirmed by the normal
development and cytolytic activity of NK cells in transgenic mice
with disrupted RAG-1 or RAG-2 genes [5-7]. At least two class of
inhibitory receptors, which interact with major histocampatibility
complex (MHC) class | molecules, are expressed by NK cells in
most species including human: the CD94-NKG2A C-type lectin-
like receptors and the killer cell Immunoglobulin-like receptors
(KIR) [8,9]. Whether a NK cell would be activated upon interaction
with a potential target cell depends on the balance between
the signals from the inhibitory and activating receptors [10].
Two popular hypotheses proposed regarding the activation of
NK cells are ‘missing self’ and ‘induced self’ [10-12]. According
to the ‘missing self’ theory, cells expressing low levels of MHC
class |, which is usually observed in cancer cells or virus-infected
cells, are attacked by NK cells [11]. This implies that activation
of NK cells is prohibited if the target cell expresses normal levels
of MHC class |. However, further studies were able to discover
activating receptors on NK cells such as NKG2D, and suggested
that the activation of NK cells may be determined by the lack of
MHC class | as well as the expression of the ligands for NK cell-
activating receptors [5,13,14]. The ‘induced self’ theory appears
to be supplementary to the ‘missing self’ theory rather than
an independent theory. It simply describes that cells that have
undergone malignant transformation or are infected with virus
express stress signals such as MICA/MICB which serve as the
ligand for activating receptors expressed on NK cells for example
NKG2D [15].

The inhibitory receptors in NK cells are some-what better
understood than the activating receptors. While most of the
activating receptors are specific for non MHC class | ligands
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that are expressed on both normal and abnormal (transformed
or virus-infected) cells, most of the inhibitory receptors are
specific for MHC class | ligand [16]. Killer-cell Immunoglobulin-
like Receptor (KIR) family includes the major inhibitory receptors
which recognize MHC class | molecule with locus and allele
specificity [17,18].

Expression of MHC class-I by a cell and
its susceptibility to NK cells:

MHC class | molecule are trimeric complexes comprised of a heavy
chain that is attached non-covalently with 2-microglobulin and
an 8-10 amino acids peptide [19]. Peptides plays an important
role in the stabilization of the trimeric complex [20]. MHC class |
mediated presentation of peptidesis animportant cellular process
by which a cell exposes samples of all the proteins synthesized by
it to the immune cells. Based on the peptides presented by MHC
class-l, effectors cells of adaptive immune system discriminate
between normal and abnormal cells in the process of clearing
abnormal cells [21]. MHC class | expression has been found to
be down-regulated in many types of cancer and in viral infected
cells [21]. Down-regulation of MHC class-I could be one strategy
employed by malignant cells to escape T cell mediated immune-
surveillance. Likewise, viruses may cause the down-regulation
of MHC class-1 on the infected cells to prevent clearance of the
infected cells before the virus could multiply [22]. While down-
regulation of MHC class-I could be a strategy to protect abnormal
cells from cytotoxic T cells; it can increase the susceptibility of the
cells to NK cell-mediated lysis [21].

In 1980’s several studies suggested that there exists an inverse
relation between the levels of MHC class | expression on target
cell and its susceptibility to NK cell mediated lysis [23,24]. These
studies used diverse MHC class-I modulating treatments such as
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incubation in cytokines, manipulations of growth environments
both in vitro and in vivo, and mutagenesis. The existence of
inverse relation between relation between the levels of MHC
class | expression on target cell and its susceptibility to NK cell-
mediated lysis provided some of the first evidence implicating
MHC class | molecules as potential ligands for NK cell receptors
[23,24]. A study published by Strokus et al. in 1989 elegantly
showed that MHC class | expression on target cell has an inverse
relation with its sensitivity to NK cells [20,25]. In this study, the
authors showed that C1R, a human B cell line null for HLA-A
and B and sensitive to NK mediated killing, became resistant to
NK cells upon transfection with HLA-A3 or -B7 or -B27 or -Bw58
genomic clones. However, transfection with HLA-A2 clone failed
to protect C1R cells from NK cells. From a subsequent study
the same authors mapped the protective phenotype of class
| molecules to the outer a-1/a-2 domains of the HLA class-I
molecule and they also identified a non-permissive residue
(His74) in the non-protective HLA-A2.1 molecule [20,21]. Also,
the authors found that treatment with exogenous peptides
reduced the protection, from NK cells, of C1R expressing
transfected HLA class-I molecules. Based on these early works,
two models were proposed to explain the role of MHC class-I
in protection of target cells from NK cells: According to the first
model NK cells recognize the ‘self’” endogenous peptide bound
to MHC class-I on the surface of target cells which results in the
triggering of negative signal ultimately aborting the cytolytic
programming of NK cells [11,20]. The alternate model also
known as ‘masking hypothesis’ postulates that “NK cells are
triggered by a target structure bound to MHC class —I and
released by peptide binding” [21,26]. If the second model was
true it would mean that empty MHC class-l would better interact
with NK target structure and hence would be more protective.

Killer-cell Immunoglobulin-like Recep-
tor (KIR)

Among many types of inhibitory receptors expressed by NK
cells, receptors belonging to the KIR family are considered to
play key role in the development and function of human NK cells
[2]. KIRs have evolved to generate a highly polymorphic system
resulting in diversity comparable to that of MHC class | molecule.
In human, the HLA (human leukocyte antigen) -A, -B and -C
are polymorphic MHC class-l whereas the HLA-E is relatively
conserved, oligomorphic2. Consistent with the co-evolution of
KIRs and their ligand (MHC class 1), KIRs bind to highly diversified
HLA-A, HLA-B and HLA-C whereas the CD94—NKG2A binds to the
relatively conserved HLA-E molecule (Figure 1). KIRs may contain
two (KIR2D) or three (KIR3D) extracellular immunoglobulin
domains. Also, they may contain short (S) or long (L) intra-
cytoplasmic tail which transduces stimulatory or inhibitory
signals, respectively [27-30]. Fourteen KIRs have been identified
in human which serve either inhibitory function (KIR3DL1-3,
KIR2DL1-3, KIR2DL5) or activating (KIR3DS1, KIR2DS1-5) or
both (KIR2DL4). The inhibitory KIRs, with long cytoplasmic tail,
upon interaction with MHC class - | molecule recruit tyrosine
phosphatase SHP-1 to the immunoreceptor tyrosine-based
inhibition motifs (ITIM) in their cytoplasmic tail resulting in the
complete and proximal blockage of NK activation [31]. However,
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KIRs with short cytoplasmic tails lack ITIM and instead possess a
positively charged residue in their transmembrane domain that
interacts with an adapter containing activation motifs ultimately
triggering activation signal upon engagement of short-tailed KIRs
with their ligands [31].

Peptide bound to MHC class - | can
regulate recognition by KIR

It is a well-known fact that T cell receptors (TCR) are highly
specific for peptide-MHC complex [32,33]. Interestingly, three
dimensional structures of MHC-C1-KIR2DL2 and MHC-C2—
KIR2DL1 complexes show that the interaction of KIRs with MHC
class | is similar to the interaction of TCR with MHC class | in terms
of structure: TCR and KIRs interacts with the same face of MHC
class - | molecule with the tops helices and exposed regions of the
MHC bound peptides [33,34]. Analysis of crystal structures depict
that TCR covers most part of this face while KIRs mainly cover
the ‘right-hand’ side of the face which includes the carboxyl (C)-
terminal region of al-helix, residues 7 and 8 of the bound peptide
and amino (N)-terminal region of a2-helix [33]. Several studies
published in mid 1990s demonstrated that KIRs are sensitive
to the sequence of peptides bound by MHC class - I. Malnati et
al. in 1995, for the first time, demonstrated that binding of KIR
to MHC class | molecule is specific to the peptide bound to
the MHC class-1 bound peptide [26]. In this study they showed
that mutation of single amino acids in the peptide binding
site of HLA-B*2705 resulted into variation in protection from
HLA-B*2705-specifi NK clones. Moreover, they found that in
a transporter-associated protein (TAP)-deficient cell line, only
one of several self-peptides loaded onto HLA-B*2705 protected
the cells from NK cells. This requirement of the specific
peptide for protection of target cells from NK-mediated lysis
ruled out the previously proposed ‘masking hypothesis’. This
specificity was originally shown for KIR3DL1 and HLA-B*2705,
subsequent studies showed that KIR2DL1, KIR2DL2, KIR2DL3, and
KIR3DL2 also have specificity for the sequence of the peptide
bound by MHC class-I [26,35-39]. In fact, peptide selectivity has
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been shown for all inhibitory KIRs tested to date [38]. Most of
the studies showed that certain amino acid residues at position 7
and 8 of the bound peptide failed to provide protection from NK
cell lysis. These findings comply with the finding from the crystal
structures of KIR bound to MHC-peptide complexes.

Peptide Antagonism and NK Cell Activa-
tion

By 2010 many studies showed that the recognition of MHC class
| by KIR and the resulting inhibition of NK mediated-lysis are
sensitive to the sequence of peptide bound to MHC class - | [40].
Fadda et al. in 2010 showed that the inhibition of NK by peptide-
MHC complexes on the target cells can be relieved by specific
peptide sequence variants that function as antagonist [40,41]. In this
study the authors used T2 cells which lack TAP protein to screen
a series of peptide variants that confer binding of KIR2DL2 and
KIR2DL3 to HLA class I. The T2 cell line expresses HLA-Cw*0102
in the absence of exogenous peptides. MHC class | expressed
on the surface of T2 cell is bound weekly to self-peptide which
likely dissociates rapidly and hence does not inhibit NK cells. The
peptides used in this study were the variants of the nonamer
peptide VAPWNSLSL which is the most abundant identified
peptide eluted from a HLA-Cw*0102 expressing 721.221 cells and
is derived from the TIMP1 protein [42]. The peptide derivatives
retained the anchor residues for MHC class - | binding but varied
in the amino acid residues at position 7 and 8, the two positions
previously shown to affect KIR binding. Among many peptides
variants used VAPWNSFAL was found to bind strongly to the HLA-
Cw*0102 whereas VAPWNSWSL, VAPWNSRAL and VAPWNSYSL
were found to bind weakly to the HLA-Cw*0102. Whereas the
strong binding peptide induce strong binding of both KIR2DL2
and KIR2DL3 to HLA-Cw*0102 and strongly inhibited NK cell
activation, the weak binding peptides did not induce binding of
KIRs to HLA-Cw*0102 and failed to inhibit the activation of NK
cells. Surprisingly, combination of peptides that conferred weak
and strong recognition of HLA-Cw*0102 by KIRs, was less potent
compared to the strong binding peptide alone in inhibiting NK
cells. This suggested that peptides that bind to MHC class - |
molecule with low-affinity can act as an antagonist to the
peptides that bind MHC class-I with high affinity. The authors
also showed that peptide antagonism was independent of KIR
genotype, and presence or absence of activating KIR (KIR2DS2,
short-tailed) does not affect peptide antagonism. This study
elegantly showed that the inhibition of activation signals in NK
cells can itself become the target of antagonistic peptide leading
to the activation of NK cells [41].

The study by Fadda et al. not only showed that peptide
antagonism can be an alternate mechanism of NK cell activation
but also showed that peptide antagonism is more effective in
NK cell activation compared to MHC class-l down-regulation.
The authors concluded this based on the observation that KIR-
positive NK cells are more responsive to the changes in peptide
than to changes in MHC class | expression. This implies that even
if cancer cells and virus infected cells do not substantially down-
regulate MHC class-I, they might substantially change the peptide

© Copyright iMedPub

2015

Vol. 7 No. 3:11

ARCHIVES OF MEDICINE

repertoire [26,40]. Therefore, peptide selectivity bestows NK
cells with an extra sensitive mechanism for clearing cancerous,
and virus infected cells.

Requirement of MHC class-I Bound
Peptide for KIR Recognition

Whether bound peptide is always necessary for KIR recognition
has been a matter of controversy. In 1995, Malnati et al. showed
that recognition of HLA-B2705 by human NK cells was not only
peptide dependent but also peptide specific [26]. In the same year
Mandelboim et al. published their work showing that presence of
an ‘empty’ MHC class-I on the surface of RMA-S cell is sufficient
to protect the cell from NK-mediated lysis [43]. The authors
showed that the protection of the RMA-S cells from the NK cells
was because of the interaction of KIR with the HLA-C (HLA-Cw6
and HLA-Cw?7). In 1997, Zappacosta et al. using the same cell line
(RMA-S) showed that in the absence of exogenous peptide the HLA-
Cw*0304 transfectants were killed to almost the same extent by NK
cells as the untransfecetd cells [19]. Also, they found that addition
of exogenous peptide protected the HLA-Cw*0304 transfected but
not the untransfected cells from NK cells. Based on these studies the
authors concluded that presence of MHC class-l bound peptide is
crucial for KIR mediated inhibition of NK cells. Fadda et al. in 2010
found that T2 cells, TAP-deficient human cell line, expressing HLA-
Cw*0102 were not protected by NK cells [40]. This study not only
showed that peptide is required for KIR recognition but also showed
that the peptide should bind strongly to MHC class-I in order to
induce KIR binding to the MHC-peptide complex.

While most of the studies using different variants of HLA in mouse
(RMA-S) and human (T2) cell lines have shown that MHC class-1 bound
peptide is necessary for KIR recognition, the study by Mandelboim et
al. shows that peptide is not necessary for KIR recognition as ‘empty’
MHC class-I on the surface of cell is sufficient for the protection of
the cell from NK mediated lysis. Given the fact that different HLA
istoypes are recognized by different KIRs, it might be possible that
MHC-bound peptide is crucial for the recognition of most of the HLA
ligands but not all.

The requirement of MHC class-I bound peptide for most KIRs to
recognize their ligand could serve an important purpose of killing
cancerous or viral infected cells that may express decoy MHC class-I.
For example, murine cytomegalovirus virus (MCMV) has been
shown to down-regulate MHC class-I expression on the infected cells
to protect the infected cell from cytotoxic T-cells [44]. However, since
down-regulation of MHC class-I increases the susceptibility of the
infected cell to NK cells, therefore to evade NK-mediated lysis MCMV
expresses decoy MHC class-I molecule that do not bind peptide
[44,45]. Interaction of Ly49, the murine equivalent of KIR, with MHC
class-l is mostly independent of the bound peptide [46,47]. Decoy
MHC class-I (without bound peptide) on the surface of MCMV-
infected cells could evade NK-mediate lysis probably because of
the peptide independent interaction of Ly49 with MHC class-I.
To date no cancer type or no human virus has been shown to
express decoy MHC class-I. However, the peptide-dependence of
KIRs may mean that our NK cells could be able to attack if a cell
expresses decoy MHC class-I.



Conclusion

Natural killer cells are the major effector cells in the innate
immunity. Activation of NK cells depends on the balance between
the inhibitory and activating signals from its surface bound
receptors. KIR represents a family of NK cell receptors that are
the key transducers of inhibitory signals. KIRs are thought to be
evolving rapidly with diversity comparable to that of MHC class.
KIRs are sensitive to the amino acid sequence, especially at
position 7 and 8, of peptide bound to the MHC class-I. Peptides
that bind to MHC class-I with strong affinity highly promote the
KIR interaction with MHC-peptide complex resulting into higher
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protection of the target cell from NK-mediated lysis. However,
peptides that binds weakly to MHC class-I do not protect target
cell; rather they play antagonistic role and reduce the protection
caused by strong binding peptide. Thus, peptide bound to MHC
class-I regulate the KIR recognition which can confer NK cells with
an additional mechanism for sensing cancerous or virus infected
cells through ‘peptide antagonism’. However, so far peptide
antagonism has been tested only in one receptor:ligand system,
in vitro. Most of KIRs tested to date require a MHC class-I bound
peptide to interact with their ligand. This requirement for a MHC-
bound peptide might avoid inhibition of the NK cells by some
decoy MHC class-I which do not form complex with a peptide.
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