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NKp30 and its ligands: emerging players in tumor immune evasion

from natural killer cells
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It is indisputable that natural killer (NK) immune
surveillance is of crucial importance for hematological and
solid tumors. However, the outcome of NK cell-based
immune therapies appears disappointing in many trials.
Limitations include poor iz vivo survival or lack of specificity
and are often attributed to tumor-associated immune
escape mechanisms. NK cells are terminally activated by
ligation of the activating NK receptors NKG2D, NKp30
or NKp46 through their corresponding ligands, which are
up-regulated on the cell surface of dangerous cells (1-5).
There is evidence that malignant cells bypass the NK
surveillance by releasing these ligands as soluble proteins,
as shown for NKG2D and NKp30 ligands (6-10). In
most cases, the ligands are released by metalloproteinase-
dependent shedding. The relevance of this mechanism was
clearly confirmed in a transgenic animal model, showing
spontaneous growth of tumors with the shedding-proficient
NKG2D ligand MICA but tumor-free survival of animals
with a shedding-resistant NKG2D ligand (11).

The NKG2D/NKG2D-L system has been studied
extensively and its role in tumor immunity and immune
escape is well understood. There are many clinical and
experimental reports demonstrating that the surface expression
of NKG2D-L may activate an effective anti-tumor immune
response in early stages, whereas a sustained NKG2D-L
expression and shedding of soluble ligands counteracts
NKG2D-dependent NK cell activity in later stages. This
depends on a passive blocking of the receptors and also on a
down-regulation of the receptors on the cell surface.

Neuroblastoma (NB) is a pediatric extracranial tumor,
which is characterized by a down-regulation of the human
leukocyte antigen (HLA) class I. Because the loss of HLA
class I is an additional trigger for NK cells, this disease is
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an appropriate target for NK-mediated immunotherapies.
First evidence for a NKG2D-targeted immune escape
mechanism in NB was described already more than a
decade ago. A soluble form of the NKG2D-ligand MICA
(sMICA) was identified in most patient sera and in some cell
line supernatants, which masked the receptor and moreover
down-regulated NKG2D surface expression (12).

In contrast to the knowledge on the relevance and
regulation of NKG2D/NKG2D-L in tumor immunology,
our understanding of the natural cytotoxicity receptors
NKp46 and NKp30 and their ligands remains enigmatic.
A recent study revealed that NB tumor cell-derived factors
affect the chemokine receptor repertoire of human resting
NK cells and caused a down regulation of NKp30 in a
TGF-pl-dependent manner (13). A critical role of NKp30
in immune surveillance was recently demonstrated in
gastrointestinal tumors (14). Inhibitory NKp30 splice variants
were identified that affect the prognosis of gastrointestinal
sarcoma upon treatment with NK cell-stimulatory KIT
tyrosine kinase inhibitors (14). Complementary, a significant
relevance for the NKp30-ligand BAG6 (15) in anti-tumor
immunity was reported for patients with chronic lymphocytic
leukemia (16). Now, Semeraro and colleges come up with
a study that presents evidence for a clinical impact of
NKp30 and its ligand B7-H6 (17) in patients with high risk
neuroblastoma (HR-NB) (18).

Here they show that the expression level of the
immunosuppressive NKp30C isoform and the activating
isoforms NKp30A/B affected NK cell functions and
correlated with the event free survival. However, low
NKp30B/C ratio in GIST was explained by a higher
transcription of isoform C, while low NKp30A/C ratio in
HR-NB was attributed to a diminished isoform B expression
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Figure 1 Model depicting the role of NKp30 isoforms and ligands
for the detection and elimination of target cells, see text for

explanation. Mono/macro, monocytes/macrophages.

suggesting differential regulation in these diseases.

A proportion of the patients revealed high serum level of
the soluble NKp30-ligand B7-H6, which was associated with
NKp30 down-regulation and NK cell dysfunction and this
correlated to NB dissemination and chemoresistance (18).
Other factors that might be involved, e.g., in cases with low
sB7-H6 levels were not investigated in this study. Moreover,
the question whether soluble or surface B7-H6 has a direct
impact on the transcription of NKp30 in general or on
specific isoforms remains open.

One strong candidate, which might be involved in this
scenario is the NKp30-ligand BAG6. Consistent with a
fundamental role of NKp30 as a target for tumor immune
escape, soluble inhibitory NKp30-ligand BAG6 levels were
significantly elevated in patients with hematological diseases
(16,19). In contrast to the soluble ligand, BAG6 has another
functionality when released in a membrane-associated
context on the surface of exosomes (20). Interestingly,
an exosome phase II trial in NSCLC stage IV patients
revealed that BAG6 was the relevant ligand for NKp30-
dependent NK cell-activity (21). Exosomes from dendritic

© Annals of Translational Medicine. All rights reserved.

Pogge von Strandmann et al. NKp30 and ligands B7-H6 and BAG6 in immune evasion

cells, which harbour the activating form of BAG6 (Dex),
triggered NKp30-dependent NK cell functions in NSCLC
patients presenting with defective NKp30 expression.
Importantly, the BAGG6 expression level on exosomes
correlated with NKp30-dependent NK functions, the latter
being associated with longer progression-free survival (21).
Patients presenting with high sBAG6 serum level were
those prone to respond to Dex therapy with Dex harbouring
BAGO6 molecules (21).

A clinical relevance of the recently described NKp30-
ligand galectin-3 (Gal-3) (22) for NKp30-dependent
NK cell-activity remains to be demonstrated. Gal-3 is a
B-galactoside-binding protein expressed by tumor cells,
mainly in a soluble form. It was shown to bind specifically
to NK cells and NKp30 and to inhibit NKp30-mediated
activation and cytolysis (22). However, expression of Gal-
3 seemed to inhibit proliferation and differentiation of NB
cells and was associated with a better prognosis for NB (23).

Thus future work to dissect the impact of these factors
either in their soluble or in their membrane form on
NKp30-dependent NK cell function and possibly on
NKp30 expression level will shed more light on the
underlying mechanistic pathways. Not much is known on
the mechanisms that direct the presentation of NKp30-
ligands either on the surface of target cells, on bystander
cells or upon secretion in the body fluids on the surface
of exosomes or as a soluble protein. B7-H6 was described
as a target of shedding (8), whereas BAG6 seems to be
released via unconventional protein secretion pathways
independently from cell surface shedding (personal
observation). Clarification of these mechanisms and a better
basic understanding of NKp30 interaction with its ligands
BAGS6, B7-H6 and Gal-3 are urgently required considering
their clinical relevance, as nicely confirmed for NKp30/B7-
H6 in the study by Semeraro and colleagues (18).

A model (Figure 1) based on these data and other
reports implicates that a therapeutic intervention with NK
cells aiming at a NK cell-dependent anti-tumor immune
response should tackle distinct pathways to circumvent
immune evasion. This includes—but is not restricted—(I) to
a shift of NKp30C expression towards NKp30A/B isoforms;
(II) to an increase of B7-H6 surface expression on target
cells; (ITT) to an enhancement of the secretion of BAG6-
expressiong immune stimulatory exosomes; (IV) a depletion
of immune compromising soluble ligands (sB7-H6, sBAG6)
and chemokines; and (V) an enhancement of inflammatory
cytokines, e.g., via T cell activation using check point
inhibitors.
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So far, the relation of soluble ligands and the NKp30
isoform transcription level, e.g., in cooperation with
chemokines such as TGFB have not been investigated.
The expected findings will give a more detailed insight
on tumor immune escape mechanisms involving
soluble NKp30-ligands. These soluble ligands and their
association with defects in NK cell-activity might arise
as a prognostic factor and as a start point for combined
immunotherapies (neutralisation of the soluble ligands,
e.g., using recombinant NKp30-Fc proteins). Ideally, the
results of further investigations on NKp30/NKp30-L will
allow the development of new therapeutic approaches to
circumvent this evasion strategy of tumor cells. Preliminary
results suggest a beneficial clinical effect dependent on
a NK cell-dependent graft versus tumor effect in haplo-
stem cell transplantation in pediatric solid tumors (24). A
better molecular knowledge of immune escape strategies in
these settings will probably allow further improvement of
promising approaches using combination therapies.

The important role of NKp30 and its ligands in tumor
immunology is emerging and we just begin to understand
how the NKp30/NKp30-L system works and how it

impacts on tumor development.
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