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Immunoligands for stimulatory natural killer (NK)-cell receptors can be targeted to the surface of malignant cells by
fusing them to antibody fragments. Mimicking an “induced-self” phenotype, such recombinant immunoligands signal
danger, trigger NK-cell cytotoxicity and synergistically enhance antibody-dependent cellular cytotoxicity. These findings
may be translated into novel immunotherapeutic approaches against cancer.

Activating natural killer (NK) cells against
tumors represents an attractive treatment
option for anticancer immunotherapy. NK
cells play a key role in anticancer immu-
nosurveillance, as they are able to recog-
nize malignant cells, exert spontaneous
cytotoxicity against them and produce
a variety of immunomodulatory cyto-
kines regulating both innate and adaptive
immune responses.' The effector functions
of NK cells are governed by a complex
interplay between sets of stimulatory and
inhibitory cell surface receptors. Various
activating receptors such as natural killer
group 2 member D (NKG2D), NKp30,
NKp44 and NKp46 are believed to scan
host cells for the stress-induced expression
of self molecules that convey a signal of
danger (Fig. 1A). For example, NKG2D
recognizes multiple cellular ligands
including MHC Class-I related chain A
(MICA), MICB and UL16-binding pro-
teins (ULBPs) 1-6.% All these molecules
are rarely expressed on the surface of
healthy tissues but become upregulated in
response to stressful conditions including
heat shock, pathogen infection and malig-
nant transformation. The importance of

NKG2D for the antineoplastic functions
of NK cells has been illustrated in elegant
animal models. However, during tumor
progression,
immunoediting processes and may lose the

malignant cells undergo
surface expression of such alert signals to
escape the immune system.! For example,
NKG2D ligands have been shown to be
shedded from the surface of neoplastic
cells by proteolytic cleavage or to be down-
regulated in response to cancer cell-derived
transforming growth factor 3 (TGFp).?
The

NK-cell receptors and the corresponding

importance  of  stimulatory
ligands in anticancer immunosurveillance
generated the question as to whether this
system could be harnessed to manipu-
late NK cell-based immune responses in
the course of anticancer immunotherapy.
Interestingly, chemical compounds such as
all-trans-retinoic acid were found to stim-
ulate the expression of NKG2D ligands
on cancer cells, hence sensitizing them
to NK cell-mediated killing.? In another
approach to increase the density of dan-
ger signals on the surface of cancer cells,
NKG2D ligands were coupled to antibody
fragments targeting different antigens
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associated with solid (e.g., HER2, carci-
noembryonic antigen, prostate-specific
membrane antigen) or hematological
(e.g., CD33, CD138) tumors, either by
genetic fusion or chemical conjugation.’=
Binding to malignant cells thanks to their
antibody moiety, such immunoconstructs
are able to attach danger ligands to the
cell surface and hence mimic an “induced-
self” phenotype, which is required for the
elicitation of NK cell-driven immune
responses (Fig. 1B and C).

To recruit NK cells against malignant B
cells, we fused the NKG2D-specific ligands
MICA and ULBP2 to a CD20-specific sin-
gle-chain fragment variable (scFv) derived
from the antibody clone 7D8.” The result-
ing immunoligands, which we designated
ULBP2:7D8 and MICA:7D8, supported
the recognition of malignant B cells by
the immune system. Thus, lymphoma
cells coated with the immunoligands
efficiently activated NK-cell cytotoxicity.
MICA:7D8 and ULBP2:7DS8 were active
at nanomolar concentrations and induced
a NK cell-mediated cytotoxic response
in a strictly CD20-dependent manner.
Remarkably, when combined with intact
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Figure 1. Enhancing natural killer cell cytotoxicity by recombinant immunoligands. (A) Natural killer (NK) cells express a variety of activating receptors
such as NKG2D, NKp30, NKp44 or NKp46, binding to stress-induced self molecules that are often expressed on the cell surface upon oncogenic events.
The ligands for NKG2D include MHC Class I-related chain A (MICA), MICB as well as UL16-binding proteins (ULBPs) 1-6. NKp30 recognizes B7-H6 and
HLA-B-associated transcript 3 (BAT3). NKp44 and NKp46 appear to bind to heparan sulfate proteoglycans (HSPGs), but most likely additional—still elu-
sive—surface proteins expressed by malignant cells function as bona fide ligands. (B) Tumor-directed recombinant ligands are bispecific fusion pro-
teins consisting of a single-chain fragment variable (scFv) specific for a tumor-associated antigen (Ag) fused to the C-terminus of a ligand (e.g., ULBP2)
for an activating NK cell receptor (e.g., NKG2D). (C) Binding to a tumor-associated Ag via their scFv moiety, recombinant immunoligands mimick an
“induced-self” phenotype, thereby facilitating the recognition of cancer cells by NK cells and inducing NK-cell cytotoxic functions. (D) Recombinant
immunoligands engaging NKG2D synergistically enhance antibody-dependent cellular cytotoxicity (ADCC) responses elicited by therapeutic antibod-
ies. VH, heavy chain variable region; VL, light chain variable region.

antibodies, MICA:7D8 and ULBP2:7D8
synergistically enhanced antibody-depen-
dent cellular cytotoxicity (ADCC) by
NK cells (Fig. 1D), a clinically relevant
mechanism of action of many therapeutic
antibodies. For example, both MICA:7D8
and ULBP2:7D8 boosted ADCC as trig-
gered by daratumumab. Daratumumab
specifically recognizes CD38, a cell surface
antigen of blood cells including plasma
cells that is co-expressed with CD20 by
certain lymphomas and chronic lym-
phocytic leukemias.” Whereas the Fcy
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receptor I1la associates with FceRI y and
CD3( chains, containing immunoreceptor
tyrosine-based activation motifs (ITAMs),
NKG2D signals in an ITAM-independent
fashion, in particular via the adaptor mol-
ecule DNAX-activating protein of 10
kDa, bearing an YXXM motif within its
cytoplasmic domain and relying on dif-
ferent downstream signal transducers.®
The concomitant activation of these two
different signaling pathways may account
for the synergistic effects stemming from
the use of monoclonal antibodies together
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with recombinant immunoligands. Thus,
combining therapeutic antibodies with
recombinant immunoligands that engage
NKG2D may represent a novel strategy to
improve antibody-based anticancer immu-
notherapy by enhancing NK cell-mediated
ADCC. In addition,

strategy allows for the simultaneous tar-

this combination

geting of two different tumor-associated
antigens. If these target antigens are not
co-expressed by healthy tissues, such an
approach may potentially offer an elegant
way to achieve the preferential killing
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of malignant cells. However, in contrast
to MICA:7D8 and ULBP2:7DS8, the
CD20-specific antibody 7DS8,

variable regions were used for the con-

whose

struction of the immunoligands, failed to
clearly enhance NK-cell cytotoxicity elic-
ited by daratumumab. This suggests that
obtaining optimal ADCC responses by
combining two tumor-specific monoclo-
nal antibodies may be difficult, probably
because they compete for the binding to
FceyRIIIa.

We also applied the immunoligand
approach to NKp30 and its recently identi-
fied ligand B7-H6.'° Thus, a recombinant
immunoligand containing a CD20-derived
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In conclusion, stimulatory receptors
such as NKG2D and NKp30 deserve
further evaluation as activating triggers
for antibody-based anticancer thera-
peutics. With their abilities to promote
NK-cell cytotoxicity and to boost ADCC
responses elicited by conventional anti-
bodies,
directed against tumor-associated anti-
gens and engaging NKG2D or NKp30

may represent attractive agents to potenti-

recombinant  immunoligands

ate NK-cell responses against cancer.
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