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Abstract Natural killer (NK) cells are lymphocytes of the

innate immune system that sense target cells through a

panel of activating and inhibitory receptors. Together with

NKG2D, the natural cytotoxicity receptors (NCRs) are

major activating receptors involved in tumor cell detection.

Although numerous NKG2D ligands have been identified,

characterization of the molecules interacting with the

NCRs is still incomplete. The identification of B7-H6 as a

counter structure of the NCR NKp30 shed light on the

molecular basis of NK cell immunosurveillance. We

review here the current knowledge on NKp30 and B7-H6,

and we discuss their potential role in anti-tumor immunity.
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Introduction

NK cells were identified in the early 1970s as lymphocytes

endowed with spontaneous cytotoxic activity against tumor

cells without prior specific host sensitization [1, 2]. First

described as ‘‘killer lymphocytes with undefined nature’’,

they are now recognized as very sophisticated effectors,

playing a key role in innate immunity and in the orches-

tration of the adaptive immunity in response to allogeneic,

transformed, as well as infected cells [3].

NK cells monitor their targets through a panel of acti-

vating and inhibitory receptors expressed at their surface.

Integration of the opposing signals transduced by the

engagement of such receptors defines the functional out-

come for NK cells [4]. Inhibitory receptors include the

human KIR and the rodent Ly49 molecules, and their

interaction with major histocompatibility complex (MHC)

class I molecules on target cells prevents activation of

mature NK cells. Thus, downregulation of normally ubiq-

uitously expressed MHC class I molecules on target cells

activates NK cells, a process coined as ‘‘missing self’’

recognition [5]. NK cell stimulation is also induced byTwo papers describing NKp30 structures free and complexed with

B7-H6 have been published during the preparation of this manuscript.
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several activating receptors that provide the ‘‘on’’ signals.

Identification and characterization of some of their ligands

showed that NK cells are able to sense self molecules

induced by cells in distress but also infectious non-self

molecules produced by microbe-infected cells [6].

In humans, the major activating receptors include NKG2D

and the NCRs NKp46, NKp30, and NKp44. NKG2D is a

surface receptor shared by NK and T cells that recognizes

several inducible self ligands that vary in structure, distribu-

tion, and regulation [7]. This field of investigation was

instrumental in refining the molecular understanding of the

NK cell alert system. However, the picture is still incomplete,

because the nature of the NCR ligands and their character-

ization is in its beginnings. Although a large piece of data

suggested a central role of NCRs in tumor surveillance [8–11],

the ligands identified first were viral structures, in particular

the influenza hemagglutinin as a ligand for NKp46 [12] as well

as NKp44 [13] and the human cytomegalovirus pp65 tegu-

ment protein for NKp30 [14]. Later, the HLA-B-associated

transcript 3 (BAT3) protein was shown to bind and trigger

NKp30 [15]. This nuclear protein is ectopically found at the

plasma membrane upon stress, but is not reported to be

spontaneously expressed on tumor cell lines susceptible to NK

cell lysis. Recently, we identified B7-H6, a previously unan-

notated gene that encodes a potent ligand for NKp30 [16]. This

molecule is not detectable on normal tissues at steady state but

present on a broad panel of hematopoietic and non-hemato-

poietic tumor cells and thus could trigger NK cells through the

induced-self recognition mode. This review will provide an

overview on the knowledge of the NKp30 receptor and its

ligand B7-H6 in the light of already characterized NK cell

receptor/ligand pairs.

NKp30: a major NK cell-activating receptor

with unique function

NKp30 was identified at the end of the 1990s by Pende and

colleagues as a novel 30-kDa triggering receptor expressed

by all resting and activated human NK cells [10]. It is a type I

transmembrane protein characterized by a single V-type

immunoglobulin (Ig) extracellular domain. The intracellular

tail of NKp30 has no signaling motif but its transmembrane

domain associates via a charged amino acid with immuno-

receptor tyrosine-based activation motif (ITAM)-bearing

adapters (CD3f and FcRc). NKp30 is mostly restricted to NK

cells although recent studies have shown protein expression

on umbilical cord blood T cells after IL-15 stimulation and

on endometrial epithelial cells following progesterone

exposure [17, 18]. Moreover, the recently identified IL-22-

producing mucosal innate lymphoid cell population that

shares properties with LTi (lymphoid tissue inducer) and NK

cells also expresses NKp30 [19, 20]. NKp30 has been shown

to be a major activating receptor involved in tumor cell lysis,

and importantly, it plays a unique role among the activating

NK cell receptors because it also targets non-transformed

self cells such as dendritic cells (DC). In vitro experiments

have shown that NKp30 engagement on NK cells induces the

TNF-dependent maturation of monocyte-derived DC and

leads to the killing of DC that did not acquire a mature

phenotype [21, 22]. The nature of the ligand interacting with

NKp30 during this crosstalk remains to be determined.

Few data reporting NKp30 regulation on NK cells are

available. It has been shown that IL-2 induces its up-regu-

lation [23], whereas TGFb1 down-regulates NKp30, leading

to NK cell cytotoxicity impairment towards immature DC

[24]. Leukemia cells also decrease NCR expression on NK

cells. Particularly, longitudinal study of AML patients

showed that an NKp30dull phenotype was acquired during

leukemia development. The mechanism underlying this

effect is still undefined, however, it can be hypothesized that

this down-regulation is a mechanism whereby a tumor would

escape innate immunity [25].

NKp30 is encoded by a gene located in the class III

region of the human MHC on chromosome 6 where several

other genes with immune function are found (tumor

necrosis factor, lymphotoxins). NKp30 has no homology

with NKp44 or NKp46 encoded on chromosomes 6 and 19,

respectively, but based on their expression profile and

function these receptors have been grouped as NCRs [10].

Orthologs of most known NK cell receptors including

NKp30 are not present beyond the mammalian branching

[26]. Phylogenic analysis of NKp30 in different mamma-

lian species shows that gene sequences are very conserved

except in exon 4 that encodes the intracellular domain. The

tree constructed from amino acid alignment (Fig. 1) shows

that two major clusters emerge, one including primates the

other one including the rat. Notably NKp30 is a pseudo-

gene in mice except in the wild strain Mus caroli [27]. A

functional NKp30 protein is expressed on resting periph-

eral chimpanzee NK cells although at low level due to

posttranscriptional regulation [28].

Based on BLAST homology searches, the closest

homologue of NKp30 in humans is CTLA-4 (25% of

identity), which is a weak but a significant hit. CTLA-4 is a

member of the CD28 family whose members do not share

significant sequence similarity but show a comparable gene

structure. NKp30, as do the other members of this family,

has a single Ig domain in its extracellular domain, while

many other Ig domain-containing immunoreceptors have

multiple Ig domains. Moreover, the structure and the exon

patterning of the gene sequence encoding the extracellular

region are identical between NKp30 and all other CD28

family genes (Fig. 2, right panel).

The structure of NKp30 is still not defined, however,

homology modeling of the NKp30 ectodomain based on
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the CTLA-4 structure could be performed despite its rela-

tive weak sequence similarity. Prediction of the NKp30

ectodomain (19–126) structure was achieved using the

YASARA homology modeling approach using, as tem-

plates, the structure of the CTLA-4 homodimer (3OSK) as

well as the structure of the complexes B7.1/CTLA-4 (1I8L)

and B7.2/CTLA-4 (1I85). After secondary structure pre-

diction, loop construction, rotamer selection, and molecular

dynamics, the best models were scored using YASARA

energy force fields parameters and stereochemistry [29].

Superimposition of the NKp30 model on CTLA-4 structure

reveals major differences (Fig. 3): (a) the absence of the

CTLA-4 FG CDR3 loop (M99-Y104) interacting with B7-

1/B7-1 GFCC0 surface that is replaced by a turn containing

residues L95, G96, L97. If this short region makes contact

with the B7-H6 ligand it should be associated with another

NKp30-specific region in order to increase its interaction;

(b) the presence of a rich network of salt-bridges/hydrogen

bonds forming the putative dimer interface occurring

between complementary charged residues E8, R10, E13,

R106, and E110 of both monomers. In comparison, the

CTLA-4 dimer interface is based on aliphatic–aromatic

residues; and (c) among the two N-glycosylation sites N78

and N110 of CTLA-4, the conserved N110 site (CTLA4/

CD28 family) potentially implicated in stabilizing the

CTLA-4 homodimer is also conserved in the NKp30 model

(N103).

The NKp30 gene encodes six alternatively spliced

transcripts (Fig. 4). Three of these (a, b, c) produce a

V-type Ig extracellular domain and the three others (d, e, f)
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Fig. 1 Phylogenic analysis of NKp30 protein sequences in mam-

mals. The tree was constructed from CLUSTALW-generated amino

acid alignments using the neighbor-joining method. Tree topography

was evaluated by bootstrapping 1,000 times with percentage shown at

nodes. Each node shows the percentage of the bootstrap replicates in

which all of the sequences descended from that node were also

descended from that node in the replicates. The tree is drawn to scale

with branch lengths in the same units as those of the evolutionary

distances used to infer phylogenetic tree. Phylogenetic analyses were

conducted in Seaview. Primates are included in the shaded area
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B7-H6 and NKp30 in
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family. Each box represents an

exon encoding the indicated

domain (leader in grey, IgV in

blue, IgC in red, transmembrane

in dark grey, GAG domain in

green, untranslated region in

white, and others in black).

Numbers between boxes

indicate the intron phase.

Canonical sequences of each

gene were used to design these

schemes (www.uniprot.org)
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produce a C-type one. These extracellular domains are

coupled with three different intracellular domains accord-

ing to the exon 4 they utilize [30]. These six transcripts are

not similarly distributed in tissues, and the V-type isoforms

are the most abundant and ubiquitous ones. This hetero-

geneity in NKp30 isoforms leads to the hypothesis that

N110

M99

V10

S15

Y115

L12

I117

Y100

P101

P102

P103
Y104

N103 N110

Y100

P101

P102

P103
Y104

M99L95

G96
L97

L95

G96

L97
N103

R106
E8

R10

E13 E110

(b) CTLA-4

(c) NKp30 CTLA-4 

(a) NKp30
Fig. 3 Comparison of the

CTLA-4 homodimer

crystallographic structure and

the structure of the NKp30

homodimer obtained by

homology modeling. a NKp30

homodimer model and b CTLA-

4 homodimer crystallographic

structure (3OSK). Both

structures are shown in ribbon

representation, respectively,

b-strands colored in red, coil in

cyan, and b-turns in green.

Amino acid residues found

important for CTLA-4 B7.1/

B7.2 interaction, for N-

glycosylation, and for dimer

stabilization as well as their

NKp30 modeled equivalents are

represented as sticks colored

according to elements and

residues are one letter named

and numbered. Cysteines are

represented as sticks with yellow
color. N- and C-termini of both

proteins are labeled.

c Superposition of NKp30 (red)

and CTLA-4 (green) monomers

3534 T. Kaifu et al.

123



engagement of each NKp30 molecule will differently

trigger NK cell activation through interacting with different

ligands as well as through association with distinct intra-

cellular signaling proteins. Along this line Delahaye et al.

[31] have recently shown using NKp30a, b, or c transfected

NK cell lines that these three isoforms transmit distinct

signals and thus mediate different cell functions; NKp30a

and NKp30b are immunostimulatory isoforms that trigger

TH1 cytokine production. In contrast NKp30c promotes IL-

10 secretion, relaying an immunosuppressive signal

through a rapid phosphorylation of p38 MAP kinase (see

after for the reference). An additional layer of regulation

could be provided by the existence of several glycosylation

profiles of NKp30 [17]. At present, these important issues

have to be unveiled.

NKp30 ligands

Although the NCRs were discovered more than 10 years

ago, it is still not completely understood how they are

engaged to trigger NK cells in tumor surveillance. The first

NCR ligands to be identified were of viral origin. In 2005, the

human cytomegalovirus (HCMV) tegument protein pp65

was shown to bind NKp30, but its engagement leads to a

general inhibition of the NK cell ability to kill infected and

tumor cells [14]. The underlying mechanism was charac-

terized as a decrease of the activating signal due to the CD3f
dissociation from NKp30 upon pp65 interaction. This strat-

egy has been hypothesized to contribute to the generalized

immune suppression observed during HCMV infection.

NKG2D is also the target of viral immune evasion strategy,

although not directly. For example, several MCMV and

HCMV genes encode for molecules called immunoevasines

(such as m152/gp40 or UL16) that prevent NKG2D ligands

to reach the infected cell surface thereby diverting the NK

cell attack [32, 33]. In contrast, NKp46 has been shown to

directly interact with hemagglutinin and its engagement with

these viral structures induced NK cell activation [12]. Along

this line, influenza infection has been reported to be lethal in

NKp46-deficient mice [34].

The intracellular BAT3 protein was found to bind and

activate NKp30 [15]. Although BAT3 has a C-terminal

nuclear localization signal and lacks a putative secretory

leader peptide, it can be directed to the cell surface or even

secreted after heat shock. Moreover, BAT3 was shown to

be expressed on the membrane of exosomes released from

immature DC [35]. Because NK-dependent lysis of

immature DC and DC maturation are inhibited by BAT3

antiserum, the authors of this work suggested a critical role

of BAT3 in the NK-DC crosstalk.

B7-H6: an extrinsic barrier against transformed cells

Several groups had shown the constitutive expression of

NKp30 ligands on tumor cells by assessing the binding of

soluble NKp30; however, none of the previously described

ligands fulfilled this criterion. The identification of the

surface protein B7-H6 as a potent NKp30 ligand reconciles

this discrepancy [16]. Because this molecule (previously

named DKFZp686O24166) has a gene and a protein

structure similar to other members of the B7 family, plus,

two of its closest homologs are B7-H1 and B7-H3, it was

E 1 E 2 E 3 E 4II

E 4IIIE 2I E 2II

E 4IGenomic

mRNA

E 4IIIE 1 E 2 E 3NKp30 a

E 4IIE 1 E 2 E 3NKp30 b

E 1 E 2 E 3 E 4INKp30 c

E 2I E 2IIE 1 E 4IIE 3NKp30 d

E 2I E 2IIE 1 E 4IIIE 3NKp30 e

E 2I E 2IIE 1 E 3 E 4INKp30 f

Protein

NKp30 a b c d e f

100 bp

Fig. 4 The human NKp30

gene encodes six splice variants.

The genomic organization of the

exons contributing to the six

transcript variants (NKp30a–f)

is represented in the top panel.
In transcripts a, b, and c the

exon 2 is used, whereas in

transcripts d, e, and f, both exon

2I and 2II are used, resulting in

a 75-nt deletion. The initiation

and stop codons are indicated by

the arrowheads. The bottom
panel represents the protein

structure of each variant.

NKp30a–c have an IgV domain,

whereas NKp30d–f have an IgC

domain
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designated B7-H6. Although other proteins such as TPSNR

(tapasin-related protein) showed a higher level of similar-

ity, their gene structures were different from the one of

B7-H6. Like other B7 family members, B7-H6 has two

extracellular Ig domains encoded by exons with adjacent

phase 1 introns (Fig. 2, left panel). Inclusion of B7-H6 into

the B7 family is also justified by the fact that its counter

structure NKp30 shares several properties with the CD28

family members that interact with B7 proteins. In contrast

to B7.1 and B7.2 that recognize both CD28 and CTLA-4,

B7-H6 is not promiscuous since it does not bind any other

CD28 family members nor other NCRs [16].

The B7 family members are costimulatory and

co-inhibitory transmembrane proteins that contribute to the

immune response regulation. The two founders B7.1 and

B7.2 provide a balance of positive and negative signals

required for appropriate priming of naive T cells by

interacting with CD28 and CTLA-4. The five other mem-

bers, B7-H1, B7-DC, B7-H2, B7-H3, and B7-H4, described

as B7 homologs, have a less restricted distribution and are

endowed with broader functions (Table 1). In addition to

their role in adaptive immune control, they have been

involved in innate immune regulation but also in non-

immunoregulatory functions [36]. The B7 family members

do not share a high sequence similarity but have related

structures that echo the diversity of the CD28-related

receptors (Fig. 5). Among B7 homologs, B7-H2 and B7-

H3 induce costimulation upon engagement of their recep-

tors, although additional data also supported an inhibitory

role of B7-H3 in different experiment settings. In contrast,

B7-H1 and B7-H4 dampen the immune response, and their

expression on a wide range of human cancers could con-

tribute to immune evasion by promoting T cell suppression

[37].

B7-H6 has an intracytoplasmic domain homologous to

GAG polyprotein, and contains signaling motifs such as a

predicted immunoreceptor tyrosine-based inhibitory motif

(ITIM) (SaYtpL), a Src homology 2 (SH2)-binding domain

(YqlQ), and a Src homology 3 domain (SH3)-binding motif

(PdaPilPvsP). These features suggest that upon engage-

ment, B7-H6 could induce a response in the NK cell target

through interaction with intracellular signaling proteins.

This possibility has not been addressed for ligands of other

activating receptors, but could have a significant impact on

the target cells. Along this line, DNAM-1, an NK cell-

triggering co-receptor, binds to CD155 and CD112, two

transmembrane molecules involved in adherent junctions

of epithelial cells and thus interacting with several intra-

cellular proteins [38].

B7-H6 gene maps to the human chromosome region

11p15.1 and only four expressed sequence tags (EST),

from testis, brain, liver, and embryonic kidney, were

identified when searching with the human dbEST database.

Phylogenic analysis of B7-H6 amino acid sequences in

different species shows that B7-H6 is very conserved in

primates but not in other mammals that miss the GAG

intracellular domain (Fig. 6). In the mouse genome, the

B7-H6-related sequence corresponds only to the first exon

of the human gene and there are no related entries in mouse

EST libraries. Hence, similarly to NKp30, but in contrast to

other B7 members, a functional B7-H6 gene is missing in

Mus musculus.

Strikingly, B7-H6 transcripts have not been detected in

most normal adult tissues, consistent with the absence of

the protein on circulating cells isolated from healthy indi-

viduals. In contrast, B7-H6 cell surface expression is

observed in tumor cell lines from various origins including

lymphoma, leukemia, melanoma, and carcinoma as well as

on primary tumor blood cells. The pattern of B7-H6

expression, which appears so far to be limited to tumor

cells, is another example of stress-induced self-recognition

by NK cells. In the case of NKG2D ligands, several

mechanisms have been shown to regulate their expression.

For example, genotoxic stress was shown to up-regulate

NKG2D ligands on non-tumor cell lines, whereas inter-

fering with the DNA damage pathway in tumor cells

inhibited their constitutive expression [39]. In pilot

experiments, treatment of some NKp30 ligand-negative

Table 1 Characteristics of the B7 family members

B7.1 B7.2 B7-H2 B7-H1 B7-DC B7-H3 B7-H4 B7-H6

CD80 CD86 CD275, ICOSL, LICOS CD274, PDL1, B7-H CD273, PDL2 CD276 VTCN1

3q13 3q21 21q22 9p24 9p24 15p24 1p13.1 11p15.1

5,313,216,715,316,514,6102001

Hematopoietic B, M, DC, T B, M ,DC, T B, M, DC, T B, M, DC, T, NK DC, M B, M, DC ,T, NK B, M, DC, T, NK
Not constituvely 

expressed

Other Rare Rare
 Endothelial and

epithelial cells, acute 
myeloid leukemia

Endothelial and 
mesenchymal cells, 

lymphomas, carcinomas, 
melanomas

B cell lymphoma
Heart, liver, prostate, 
bone marrow, gastric 

carcinoma

Renal, lung and ovarian 
carcinomas

Lymphoma, acute 
lymphoblastic leukemia

03pKN??1-DP               ?    1-DPSOCI4ALTC         82DC4ALTC         82DC

Activating     Inhibitory Activating     Inhibitory Activating Inhibitory Activating     Inhibitory Inhibitory Inhibitory ActivatingOutcome

   
   

 E
xp

re
ss

io
n

Synonyms

Location*

% identity**

Receptors

B B lymphocyte, M monocyte/macrophage, DC dendritic cells, T T lymphocytes, NK natural killer cell

* Location in the human genome

** % identity of the ectodomain
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tumor cells with a panel of DNA-damaging agents had no

major effect on B7-H6 expression. Several studies have

also demonstrated that upon exposure to Toll-like receptor

(TLR) ligands, human macrophages expressed NKG2D

ligands that are sensed by NK cells, inducing a reciprocal

regulation of the two partners [40, 41]. This TLR pathway

has to be explored for B7-H6 to define whether non-tumor

cells could be the target of NK cells through B7-H6/NKp30

interaction. Diverse cytokines such as TGF-b and particu-

larly interferons also impact the regulation of NKG2D

ligands, but depending on the cell types, they inhibit or

increase expression of these ligands [42, 43]. Recently,

different mechanisms have been described to control

NKG2D ligand translation and protein turnover. For

instance, the transcripts of the human NKG2D ligands

MICA and MICB are the target of miRNAs that repress the

protein expression [44]. Nothing is known yet concerning

regulation of B7-H6 by miRNAs, however, two other

members of the B7 family, B7-H1, and B7-H3 are also

susceptible to RNA interference [45, 46]. Interestingly, the

miRNA that targets B7-H1 is down-regulated in human

cholangiocytes when exposed to IFN-c, allowing expres-

sion of B7-H1 on their surface. Moreover, protein

lysosomal degradation after ubiquitination has been shown

to control the turnover of MULT1, another mouse NKG2D

ligand. This process is altered in response to heat shock or

UV radiation, consequently increasing MULT1 stability

[47]. The proteasome machinery also impacts NKG2D

ligand cell surface expression since MICA, MICB, as well

as ULBP2 have been shown to be up-regulated after

treatment with the proteasome inhibitor bortezomib [48,

49]. The implication of all these pathways (genotoxic

agents, TLR ligands, cytokines, miRNA, proteasome

inhibitors) in the control of B7-H6 expression remains to

be explored. Finally, secreted forms of NKG2D ligands

have been described in various human cancers. Protein

shedding results from different processes that include

ligand cleavage by proteases [50] and by RNA splicing

[51]. Splice variant transcripts of B7-H6 have not been

detected in normal tissue but analysis of cells from cancer
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Fig. 5 The B7 family mirrors

the diversity of the CD28

members. Evolutionary

relationships of human B7

(blue) and CD28 (black) family

members were inferred using

the neighbor-joining method.

Tree topography was evaluated
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with percentage shown at nodes

(see legend of Fig. 1 for

details). Arrows indicate the

interacting receptors and ligands
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mammals. Left part: the tree was constructed from CLUSTALW

generated amino acid alignments using the neighbor-joining method.

Tree topography was evaluated by bootstrapping 1,000 times with

percentage shown at nodes (see legend of Fig. 1 for details).

Phylogenetic analyses were conducted in Seaview. Primates are

included in the shaded area. Right part: schematic representation of

the predicted protein for each species. Percentage of similarity with

the human B7-H6 protein is indicated for each domain (white leader

or interdomain, blue IgV domain, red IgC domain, green GAG

domain)
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patients is under study. This issue is crucial because soluble

forms of activating ligands could provide an efficient way

for tumor cells to evade NK cells immunosurveillance.

Concluding remarks

The identification of B7-H6 as a ligand for NKp30

unveiled a novel molecular mechanism of NK cell trig-

gering. This finding prompts the characterization of B7-H6

expression, distribution, and regulation. The absence of

B7-H6 transcripts in normal tissues and presence in tumor

cells define B7-H6, as a novel example of a stress-induced

self molecule. Longitudinal studies in tumor-bearing

patients are now required to determine whether B7-H6

expression is not altered by tumor editing. If B7-H6 is

specific to tumor cells and stable over time, immunother-

apeutic strategies based on the development of cytotoxic

antibody could be of major clinical interest.
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