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Abstract. Natural cytotoxic effector functions are regulated by a multitude of opposing signals prov� ided by
immunoglobulin and lectin-like functional molecules. While inhibitory receptors possess immunoreceptor tyro-
sine-based inhibition motif (ITIM) cytoplasmic sequences recruiting tyrosine phosphatase� s, activatory receptors
require association with accesory immunoreceptor tyrosine-based activation motif (ITAM)

�
-bearing molecules.

O
	

ne considerable group of natural cytotoxic cell receptors are specific for classical and n
 on-classical class I
a� ntigens and detect both qualitative and quantitative changes in the autologous MHC-I phenot

�
ype. Non-MHC-I-

-specific receptors provide signaling in the absence of MHC-I antigens or in response to not
�
 well-known stress-

-induced antigens. NK cell receptors may equally participate in the regulation of target cell functions through
c
 ontact or souble mediator-dependent mechanisms. The identification of NK cell regulatin
 g molecules has led to
t

�
he elucidation of more general principles underlying immune homeostasis.
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I
�
ntroduction

T
�

he ability of the immune system to eliminate synge-
neic and allogeneic tumor cells without prior sensitization
has been defined as natural cytotoxicity3

�
1. It is mediated

b
�
y large granular lymphocytes termed natural killer (NK)

c
 ells. NK cells are distinct from T and B lymphocytes as
t

�
hey do not express antigen-specific receptors and do not
r� equire gene rearrangements for functional maturation29.
C

�
ytotoxicity and cytokine release in response to viral,

p� arasitic and some microbial invasions are the basic
functions of NK cells. While cytotoxic T lymphocyte5

�

(CTL) detect processed antigens in the context of self-
-MHC-I molecules, NK directly recognize antigenic
structures with wide expression on the surfaces of target
c
 ells. They are efficient in the early phase of immune
r� esponse, before the clonal expansion of specific
T lymphocytes49, 66. Along with their role in innate im-
m� unity, NK cells co� ntribute to the development of ac-
q� uired immunity through cytokine secretion19.

Abbreviations used: CTL – cytotoxic T lymphocyte, HCMV – human cytomegalovirus, ILT – immunoglobulin-like transcript, ITIM
– immunoreceptor tyrosine-based inhibition motif, ITAM – immunoreceptor tyrosine-based activation motif, KIR – killer immunoglo-
b
�
ulin-like receptor, LIR – leukocyte immunoglobulin-like receptor, NK – natural killer, S

�
H2 – Src-homology domain 2, SHP – SH2-con-

t
�
aining tyrosine phosphatase, TM – transmembrane, AIRM1 – adhesion inhibitory receptor molecule 1, NAIL – NK cell activation-inducing

ligand, Mo – monocytes, MICA – MHC class I-related chain A, MICB – MHC class I-related chain B, G
�

PI – glycosylphosphatidyl-inositol,
D
�

C – dendritic cells.
*  Correspondence to: Dr. Armand Bensussan, INSERM 448, Faculté de Médecine de Créteil, 94010 Créteil Cedex, France, tel.: +33

1 49 81 35 15, fax: +33 1 49 81 36 05, e-mail: bensussan@im3.inserm.fr



U
�

ntil very recently no specific receptors regulating
N

�
K cell effector functions were known. The best stu-

d
 
ied NK cell activating receptor, CD16, is equally ex-

p� ressed by monocytes and T cells, mediates cytokine
secretion and antibody-dependent cellular cytotoxicity,
b

�
ut is not responsible for other modes of natural cyto-

t
�
oxicity2

�
4. Some epitopes of the T cell activating recep-

t
�
or CD2 may also activate NK cell cytotoxicity6

!
7. How-

e� ver, its ligand, CD58, alone does not confer sensitivity
t

�
o NK cell lysis, suggesting rather a co-stimulatory role for
C

�
D23

�
6. The CD28/B7 T cell activation pair is also impli-

c
 ated in natural cytotoxicity at certain differentiation
stages3

�
. It was demonstrated, however, that B7-positive tar-

g" ets could be killed by CD28-negative NK cells, predicting
t

�
he existence of other NK cell activating receptors18.

A
#

lthough initially defined as MHC-unrestricted, NK
c
 ells preferentially kill targets lacking some or all of
t

�
heir MHC-I molecules, while MHC-I genetic recon-

stitution confers protection to target cells5
�
9. On this

b
�
asis, the hypothesis of “missing self surveillance”  was

f
$
ormulated and the existence of MHC-I-specific inhibi-

t
�
ory receptors on NK cells was predicted43. It is now

w% ell accepted that lysis of MHC-deficient cells results
from the failure of NK cells to receive the correspond-
i

&
ng inhibitory signal. The number of MHC-I-specific

human NK receptors identified is constantly increas-
i

&
ng6

!
. They belong either to the immunoglobulin or

C
�

-type lectin receptor superfamilies. Most of them con-
t

�
ain one or more cytoplasmic immunoreceptor tyrosine-

-based inhibition motifs (ITIMs). Upon receptor coliga-
t

�
ion, ITIMs are phosphorylated and recruit protein ty-

rosine phosphatases which mediate effector NK cell
i

&
nhibition8, 36. Some of these molecules lack signaling

c
 apacity but can associate with accessory subunits con-
t

�
aining the activation immunoreceptor tyrosine-based

a� ctivation motif (ITAM) and, consequently, function as
a� ctivatory receptors3

�
7, 45, 73. NK cell-specific receptors

w% hich do not necessarily recognize MHC-I molecules
h

'
ave been also identified lately5

�
5, 68, 71. Thus, natural

c
 ytotoxicity seems to be the result of a complex inter-
p� lay of positive and negative signals, depending on the
p� articular conditions of immune response. This review
summarizes the present knowledge of NK cell func-
t

�
ional molecules with a focus on receptors for classical
a� nd non-classical MHC-I antigens.

N
(

K Cell Receptors of the Ig Super family

Killer immunoglobulin-like receptors (KIRs)

K
)

IRs are type I transmembrane glycoproteins (gp)
w% hose molecular weight (mw) differs depending on the

n
 umber of Ig-like domains in the extracellular portion
a� nd on the length of the cytoplasmic tail (Table 1).
They are encoded by a multigene family on human
c
 hromosome 19q, containing about 12 genes with
limited allelic variation7

*
2. KIR genes are expressed on

o� verlapping subsets of NK cells and a subpopulation of
T

�
 cells16, 46, 48. The HLA-I specificity of KIRs has been

inferred from functional and binding studies28, 42, 51, 54, 63

a� nd confirmed by direct genetic transfer5
�

7. KIRs recog-
n
 ize a subregion of comparatively low polymorphism
in the α1 domain of the MHC-I heavy chain, between
7

+
7 and 83 aminoacid residues. Consequently, the dif-

f
$
erent types of KIRs are specific for sets of classical

HLA-I allotypes. The first KIRs were identified with
t

�
he help of monoclonal antibodies (mAbs) raised

a� gainst alloreactive NK clones16, 27, 51. Monoclonal anti-
b

�
odies EB6 and GL183 identified p58 surface struc-

t
�
ures on partially overlapping NK subsets, which in-

h
'
ibited NK cytotoxicity upon engagement with HLA-C

a� llels. It was established that EB6 and GL183 mAbs
r� eacted with two groups of NK clones, expressing, re-
spectively, p58.1 (KIR2DL1)*  and p58.2 (KIR2DL2)
receptors. The first group of clones could be inhibited
b

�
y Cw2, Cw4, Cw5, Cw6 HLA-C2 allels (C2), while

t
�
he protective allels specific for p58.2 were Cw1, Cw3,

C
�

w7 and Cw8 (C1). It was shown that the specific
m� Ab-mediated removal of p58 receptors results in lysis
o� f the HLA-C-protected target cells. Thus, it was
p� roved that NK cells possess MHC-I-specific inhibitory
receptors preventing them from autoimmune reactions
a� gainst normal cells. The removal of the corresponding
p� rotective MHC-I allels (as may occur in viral infection
o� r tumor transformation) leads to effective lysis of the
t

�
arget cells.

The discovery of another clonally distributed NK
receptor, NKB1, followed soon25, 42. It shows a high
d

 
egree of homology with p58, though characterized by

3 Ig-like domains and a molecular weight of 70 kDa.
N

�
KB1 (p70) is specific for Bw4+ HLA-B allels and,

u, pon their recognition, inhibits NK cell cytotoxicity.
Further on, using the mAbs Q66 and Q241, a disulfide
-linked dimer of 140 kDa (p140) was identified which
m� ediated negative signaling to NK lysis upon engage-
ment of HLA-A3 or HLA-A11 allels. Its cDNA was
slightly different from that of p70 (50 aa in the extrac-
e� llular region) encoding for 3 Ig-like domains and 2 ITIMs
in the cytoplasmic tail5

�
4.

The isolation and cloning of the corresponding
c
 DNAs showed that, in spite of the differences in the

*  A nomenclature denoting the number of Ig domains (D);
lenght of cytoplasmic tail (L, S) and serial number of receptors.

9
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e� xtracellular regions, p58, p70 and p140 all contained
t

�
wo ITIMs in their cytoplasmic regions. Upon receptor

e� ngagement, ITIMs are tyr-phosphorylated and bind to
t

�
he Src-homology domain 2 (SH2) domain of protein
t

�
yrosine phosphatase (SHP-1), responsible for the ne-

g" ative signalling (Fig. 1). Thus, human NK cells are
p� rovided with an array of MHC-I allotype-specific in-
h

'
ibitory receptors, preventing NK reactivity against

normal cells. It was shown that KIRs inhibit both NK
c
 ell cytotoxicity and cytokine production, though these
t

�
wo functions are not always coordinately triggered and

regulated3
�

4. The repertoire of known KIRs seems to be
b

�
iased towards recognition of HLA-C and HLA-B4

p� henotypes. However, the KIR locus appears to be
p� olygenic and polymorphic within the human popula-
t

�
ion and are far from being completely defined7

*
0. In line

w% ith this notion, a novel structurally divergent KIR
(KIR2DL4) has lately been characterized14. The cl.

15.212 encoded for a 49 kDa protein sharing 50% ho-
m� ology with p50, p70 and p140, with 2 Ig-like domains
a� nd a single ITIM in the cytoplasmic portion. Unlike
t

�
he other KIRs, this receptor is not clonally distributed

b
�
ut is detected on all human NK cells and a subset of

KIR+ T cells. Another peculiarity of p49 is the putative
e� xistence of a soluble form, since a cDNA lacking the
t

�
ransmembrane sequence has been isolated. It was

shown that soluble recombinant KIR2DL4 Ig binds to
c
 ells expressing only the non-classical HLA-G mole-
c
 ule and that KIR2DL4 inhibits the lysis of HLA-G+.

t
�
argets. Having in mind that HLA-G expression is re-

stricted to fetal trophoblasts, this new KIR may be im-
p� ortant at the maternal/fetal interface6

!
4.

Molecular cloning of KIRs has led to the identifica-
t

�
ion of highly homologous NK cell receptors with the

same MHC-I specificity2
�

0, 50. They differ by one
c
 harged aa residue in their transmembrane (TM) re-

Table 1./  Receptors regulating NK cell functions

Group
Receptor

Molecular weight
(kDa)

Specificity Structure E
0

xpression

KIRs KIR2DL1(p58.1) 58 C
1

2 2D, 2 ITIM

N
2

K-clonal, T subset

KIR2DL2(p58.2) 58 C
1

1

KIR2DS1(p50.1) 50 C
1

2

KIR2DS2(p50.2) 50 C
1

1 2 Ig, no ITIM

KIR2DS3(p50.3) 50 ?

K
3

IR3DL1(p70) 70 Bw4 3
4
D, 2 ITIM

K
3

IR3DL2 7
5
0/140 A3/A11

K
3

IR2DL4 (p49) 49 HLA-G 2
6
D, 1 ITIM a7 ll NK, T subset

ILTs ILT-1 (LIR 7) 70 MHC-related antigens  4D, no ITIM Mo, NK

ILT-2 (LIR 1) 110 MHC-I broad 4D, 3 ITIM Mo, B, NK, T

I
8
LT-3 (LIR 5) 5

9
5–60 I

8
mmunoglobulins (?) 2

6
D, 3 ITIM Mo, DC, B

I
8
LT-4 (LIR 2) 95 MHC-I broad 4

:
D, 3 ITIM M

;
o, B, DC, NK

I
8
LT-5 (LIR 3)

?
4
:
D, 4 ITIM Mo, B, DC

LIR 4 s< oluble NK, B

LIR 6 2/4D, no ITIM Mo, B

Other Ig-like
receptors

N
2

Kp44 44

?

no ITIM

NK-restrictedN
2

Kp46 46 2D, no ITIM

N
2

Kp30 30 1 Ig, no ITIM

p= 75/AIRMI 75 3
4
D, 1 ITIM

B
>

Y55 80 MHC-I broad 1D, GPI-anchored NK subset, T subset

Lectin-like receptors C
1

D94/NKG2A 3
4
0/43

HLA-E

2 ITIM

a7 ll NK, T subset
C
1

D94/NKG2B

C
1

D94/NKG2C 3
4
0/39

no ITIMC
1

D94/NKG2E

N
2

KG2D M
;

ICA, MICB

N
2

KRP1 80 ? NK, T, Mo

M. Nikolova et al.: NK Cell Receptors 9
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g" ions and by a shorter cytoplasmic tail, lacking ITIMs
o� r other signaling motives. Three homologues of p58:
p� 50.1, p50.2 and p50.3 were identified, the first two
recognizing the same HLA-C allels as p58a and p58b,
r� espectively, the third having unknown specificity. In
c
 ontrast to inhibitory receptors, cross-linking of their
homologs leads to Ca++ release, cytokine secretion and
i

&
nduction of NK cytotoxic activity. The precise signal-

ing mechanism was only recently suggested: activating
KIRs co-operate with low molecular weight proteins
c
 ontaining ITAMs, related to the well-known signaling
a� dapters CD3ζ a� nd FcRγ? III. An ITAM-containing 12
kDa molecule termed DAP-12 was shown to coprecipi-
t

�
ate with p50.2. Cross-linking of p58.2/DAP-12 leads

t
�
o cellular activation and recruitment of ZAP-70 and

Syk PTKs, similarly to the signaling pathways in T and
B

@
 cells3

�
7 (Fig. 2).

Immunoglobulin-like transcripts (ILTs)

ILTs (described also as leukocyte Ig-like receptors,
LIRs) are encoded by several genes which cluster with
t

�
hose for KIRs at chromosome 19p13.410, 17, 22, 23. ILTs

have either 2 or 4 Ig-like domains. One subset of ILTs
d

 
isplays long ITIM-containing cytoplasmic tails and

m� ediate inhibition of cellular activation (ILT-2, ILT-5);
o� thers have a basic aminoacid residue in the TM do-
main followed by a short cytoplasmic domain –
a�  structure shared by activating KIRs (ILT-1, LIR6).
A soluble form lacking TM and cytoplasmic regions
h

'
as been also identified (LIR4). It was shown that the

I
A
TAM-containing protein FcεB R

C
 γ?  chain associates with

I
A
LT-1 and its homologues (ILT-1-like protein, ILT-7)5

�
3.

U
�

nlike KIRs, ILTs have a variable and broad cellular
e� xpression, including the myelomonocytic lineage,
B

@
 cells, dendritic and other antigen-presenting cells,

T and NK subsets (Table 1). ILTs show a different type
o� f specificity for MHC-I molecules, if any: ILT-2 and
I

A
LT-4 have a broad specificity for classical and non-

-classical MHC-I molecules. While ILT-2 does not in-
t

�
eract efficiently with HLA-C or HLA-E phenotypes, it

d
 
etects a HCMV UL18 protein, distantly homologous

t
�
o HLA-I molecules and possibly functioning as their

surrogate during HCMV infection41. A specificity for
M

D
HC-I-related molecules such as CD1, MR1 and MIC,

has been proposed for ILT-15
�

3. The physiological role
o� f ILTs is far from defined, but it is clear that MHC-I-
-specific inhibition is not a privilege for NK cells.
O

	
wing to their broad expression, ILTs might establish

t
�
hresholds for leukocyte activation and antigen presen-

t
�
ation and down-modulate inflammatory responses,

t
�
hus preventing autoreactivity.

Other Ig-like NK receptors

T
�

he group of Ig-like human NK activating receptors
i

&
s constantly increasing, though the ligands of the

newly identified molecules are not always known. Sev-
e� ral activating receptors with strictly NK-restricted ex-
p� ression, whose genes also localize at chromosome 19,
have been lately described. While NKp44 is detected
e� xclusively on activated NK cells7

*
1, NKp46 is ex-

p� ressed on both resting and activated human NK cells,
induces the lysis of human and murine tumor cells and
is the first NK-restricted molecule involved in the trig-
g" ering of natural cytotoxicity5

�
8, 68. NKp44 and NKp46

may synergise in the process of MHC-nonrestricted
l

E
ysis. While NKp44 confers activating signals through

Fig. 1. Human NK cell inhibitory receptors: mechanism of signaling

Fig. 2. Human NK cell activatory receptors: mechanism of signaling

9
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D
F

AP-12, NKp46 was shown to assemble with CD3ζ
signaling protein. Since both receptors induce the kill-
ing of MHC-I-negative tumor cells, MHC-I molecules
w% ere ruled out as putative ligands. NKp30 is another
N

�
K-specific receptor which, upon cross-linking, in-

d
 
uces a strong activation signal, while its mAb-medi-

a� ted masking leads to inhibition of NK cytotoxicity. It
is also associated with CD3ζ and as a rule co-operates
w% ith NKp46 and/or NKp44 in the induction of NK cy-
t

�
otoxicity; however it is a major triggering receptor in
t

�
he killing of certain tumors5

�
5.

Another Ig super family NK cell-specific receptor
w% hich regulates MHC-nonrestricted cytotoxicity
t

�
hrough unknown ligands is the sialoadhesin p75,

t
�
ermed also adhesion inhibitory receptor molecule
1 (AIRM1)26. It is characterized by 3 Ig-like domains
a� nd one ITIM in the cytoplasmic tail. Its cross-linking
inhibits the spontaneous NK-cell-mediated cytotoxicity
a� s well as the triggering mediated by the activating
receptors CD16, NKp46 or NKp44. A human homo-
l

E
ogue of the mouse NK cell activating receptor 2B4 was

d
 
escribed as NK cell activation-inducing ligand

(NAIL)9
G
. Through its counterstructure, CD48, NAIL

induces the proliferation of B cells and cytokine secre-
t

�
ion of dendritc cells, while recombinant CD48 induces

t
�
he cytotoxicity and IFN-γ?  secretion by the correspond-

i
&
ng NK cells3

�
3.

In summary, the emerging group of non-MHC-spe-
c
 ific NK cell receptors complies with the idea that NK
c
 ell triggering may be regulated by different receptor-
-ligand interactions, depending on the target cells and the
p� articular conditions of immune response.  p75/AIRM1
m� ight rather r� ecognize undefined sialylated proteins,
p� ossibly expressed on normal cells with physiologically
low amounts of HLA-I in order to protect them. On the
o� ther hand, p75 might function at earlier stages of NK
c
 ell differentiation when HLA-I-specific receptors are
not yet expressed, thus complementing their protective
r� ole.

W
H

e have identified a novel Ig-like MHC-I-specific
receptor, different from all hitherto described functional
molecules. This KIR-related molecule, termed BY55,
i

&
s weakly homologous to the first Ig-C2 domain of

KIR2DL4 (22% identity, 44% similarity)2. It is ex-
p� ressed by 40–70% of PB NK cells (CD56 d

I
im+ CD16+)

�
,

most TCRγ/δ?  lymphocytes, a subset of CD8h
J

igh+ periph-
e� ral blood T cells, and all intestinal intraepithelial
T lymphocytes44. The expression of BY55 defines cells
w% ith high cytotoxic activity in both peripheral blood
a� nd umbilical cord blood7

*
. BY55 is expressed as

a�  multimeric 80 kDa structure; unlike all described
KIRs, it is lost from the cell surface and is released in

a�  soluble form after activation. Identification of its
c
 DNA showed that BY55 is a cystein-rich, 134 aa gp,
c
 ontaining one Ig-like domains and no cytoplasmic tail,
since it is a glycosylphosphatidylinositol membrane-
-anchored receptor. In conformity with this structure,
w% e have not succeeded in demonstrating any inhibitory
o� r activating effects of BY55 on the effector cells.
However, participation of BY55 in some signaling
c
 omplexes cannot be excluded, as has been recently
shown for other GPI-anchored molecules3

�
2. We have

d
 
emonstrated a broad specificity of BY55 for both

MHC-I classical and non-classical molecules, similar to
I

A
LT-2, ILT-4 and p49. Unlike these, optimal binding of

BY55 requires a prior aggregation of its ligand. Further
o� n, upon binding of MHC-I complexes on previously
a� ctivated T cells, BY55 delivered a potent second sig-
nal for their proliferation. Thus we have demonstrated
for the first time a triggering effect of an MHC-I-spe-
c
 ific NK receptor on a MHC-I-bearing cell1.

N
(

K Receptors of the C-Lectin Super family

The first family of MHC-I-specific NK receptors
d

 
efined was the Ly49 family of lectin-like homodimers

recognizing polymorphic H-2 class I molecules in
m� ice7

*
4. Although human homologues have not been de-

scribed, other C-type lectines, all mapping at human
c
 hromosome 12, regulate natural cytotoxicity in man.

The CD94/NKG2 receptors are heterodimers com-
p� osed of the invariant CD94 chain and a member of the
p� olymorphic NKG2 family of proteins encoded by
5

K
 closely linked genes (A, B-splice variant of

A, C, E, D/F). CD94 is a 30 kDa gp, forming disul-
p� hide-linked heterodimers with p39 or p43 forms of
N

�
KG2 receptors12, 13, 39, 60. CD94 functions primarily

a� s a chaperone to transport NKG2 receptors to the cell
surface. The NKG2A, NKG2C and NKG2E proteins
a� re structurally diverse: NKG2A/B have 2 ITIMs,
w% hile the other forms lack signaling motives in their
c
 ytoplasmic tail. This fact explains the controversial
results initially obtained in functional studies: ligation
o� f CD94-induced activation of intracellular PTKs in
some clones, and inhibition of CD16-induced phospho-
r� ylation in others5

�
6. The cellular expression of

C
�

D94/NKG2 receptors shows no clonality: they are de-
t

�
ected on practically all NK cells plus a T cell subset

including TCRαβ+C
�

D8+ and TCRγδ? + lymphocytes,
t

�
hus co-expressing with different KIRs4

L
7. The nature of

t
�
he inhibitory signals conferred by NKG2A/B is similar

t
�
o that of KIRs, as an association of NKG2A with the

c
 ytoplasmic PTP SHP-1 has been shown15. NKG2C

M. Nikolova et al.: NK Cell Receptors 9
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a� nd NKG2E possess charged aa residues in their TM
d

 
omains and were shown to interact with DAP-12 to

t
�
ransmit activation signals3

�
7. Initial results from block-

i
&
ng and functional tests implicated CD94/NKG2 in the

recognition of several HLA-A, -B, -C and -G ligands.
However, no obvious structural features could distin-
g" uish protective from non-protective allels. Recently it
w% as demonstrated that CD94/NKG2 receptors interact
w% ith the non-classical HLA-E molecule in complex
w% ith peptides derived from the leader sequences of
o� ther HLA-I molecules4

L
0. It was confirmed that this

interaction is peptide-dependent and -specific and that
H

M
LA-E is the primary, if not sole, ligand of

C
�

D94/NKG211. HLA-E has been demonstrated to inter-
a� ct specifically with both CD94/NKG2C and
N

�
KG2A/B receptors, thus regulating both positively

a� nd negatively natural cytotoxicity. Since the level of
surface expression of HLA-E depends on the synthesis
o� f all other HLA-I molecules, CD94/NKG2 appears to
function as a regulation system complementary to
K

)
IRs. While the clonally distributed KIRs “survey”

p� articular HLA-I epitopes, CD94/NKG2 might detect
q� uantitatively the overall level of HLA-I expression,
w% hich is lowered in a number of viral infections. Fur-
t

�
her on it might be operative when particular NK cells

lack the appropriate KIR. Finally, since both HLA-E
a� nd CD94/NKG2 expression are induced by IFN-γ? ,
IL-12 and IL-15, the system should be responsive to the
e� ffects of cytokines produced during inflammation15, 62.

The NKG2D molecule, although encoded by the
same gene family, is quite distant from the other mem-
b

�
ers; it shows only limited homology with NKG2A, C

a� nd E and does not form heterodimers with CD945
�

, 73.
N

�
KG2D lacks signaling domains in its cytoplasmic

p� ortion and was demonstrated to associate with the sig-
nal-transducing unit DAP-10. The latter possesses
a�  SH2 domain-binding site recruiting the p85 subunit
o� f the PI3 kinase, thus providing for NKG2D-depend-
e� nt signal transduction. NKG2D has been defined as
a�  receptor for the stress-inducible MICA and, probably,
MICB proteins, frequently expressed by epithelial tu-
mors. It was demonstrated that coexpression of MICA
o� n β2

N
m-protected Daudi cells rendered them sensitive

t
�
o lysis by NK cells, which could be inhibited by anti-

-MICA and anti-NKG2D mAbs5
�
. Thus NKG2D, the

most common NK receptor known, may serve to signal
c
 ellular distress and promote immune responses in spite
o� f the presence of MHC-I molecules.

A
#

nother member of the C-lectin SF is hNKR-P1A
(CD161), an 80 kDa type II gp homodimer homologous
t

�
o the murine NKR-P1 molecule. It is expressed on

most NK cells, a T cell subset including both CD8+.  and

C
�

D4+.  cells, and on all PB-derived monocytes. The
functional effects of treating human NK cells with anti-
-NKR-P1 mAbs have been complex, resulting in no
e� ffect, activation or inhibition. This suggests that func-
t

�
ionally distinct isoforms of the molecule may exist in

humans3
�

5.

Conclusion – the Questions to Answer

The increasing knowledge about NK cell functional
receptors has revealed some basic principles of innate
i

&
mmunity while others remain to be clarified. In con-

t
�
rast to T and B cell antigen-specific receptors, each
N

�
K cell expresses multiple MHC-I specific molecules.

T
�

hus NK cells are always ready to react unless re-
strained by an array of inhibitory receptors. The pri-
mary concern of this particular regulation system is to
a� void autoreactivity while detecting any pathological
d

 
eviation in the self-MHC-I phenotype. Two families

o� f MHC-specific receptors complement each other: the
C

�
-type lectin heterodimers detect the overall level of

MHC-I molecule expression, and the allel-specific
KIRs are advantageous for detection of more subtle
c
 hanges at single MHC loci. Still, very little is known
a� bout the molecular mechanisms that regulate the re-
c
 eptor repertoire of individual NK cells. While the ex-
p� ression of at least one self-MHC-I-specific inhibitory
receptor is obligatory to avoid autoagression, the sim-
u, ltaneous expression of several KIRs, some of which
n
 ot self-MHC-I-specific’  is not readily explained. Even
if alloreactive KIRs simply reflect the stochastic nature
o� f KIRs expression, they have important implications,
notably in the field of bone marrow transplantation and
maternal/fetal interactions6

!
5, 69.

Although a number of NK cell activating receptors
h

'
ave been identified, NK cell triggering is much less

u, nderstood. The coexistence of homologous inhibitory
a� nd activatory KIRs has an uncertain physiological
role: triggering of NK cell cytotoxicity, amplification
o� f the signal induced in the absence of inhibitory MHC-I
a� ntigen, or induction of the inhibitory receptors20. Ob-
v� iously, NK cell triggering ligands are not restricted to
c
 lassical MHC-I antigens. Of special interest are mole-
c
 ules widely shared by micro-organisms, tumors and
v� irally infected cells, such as MHC-I non-classical anti-
g" ens, sialylated carbohydrates and heat-shock proteins.
The role of MICA, MICB5

�
 and Hsp705

�
2 has already

b
�
een demonstrated, identification of sialylated ligands

is very probable in relation to adhesion molecule-re-
l

E
ated receptors as p7526.

Another vast field for exploration is the cross-talk

9
-
6 M. Nikolova et al.: NK Cell Receptors



b
�
etween MHC-I-specific and other cell functional re-

c
 eptors. Modulation effects of both KIRs and
C

�
D94/NKG2 receptors on cellular immunity during

v� iral infections and tumor growth have been demon-
strated with respect to γδ?  T cells and antigen-specific
C

�
TL4, 30, 61. These effects should be considered not only

a� s a safety mechanism, but as a potential for impair-
ment of immune responses46. An emerging theme is the
signaling provided by soluble NK cell receptors. Fur-
t

�
her on, NK receptors may provide variable signals to

t
�
he corresponding ligand-expressing cells, as was

shown for BY55 and for NAIL/CD48, thus playing
a�  more general regulatory role in a variety of immune
responses. And finally, neither MHC-I-specific nor
I

A
TIM-containing receptors are a privilege of NK cells:

t
�
hey all reflect basic homeostatic mechanisms of the

immune system.
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