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Malignant cells constitutively express Natural killer group 2, member D (NKG2D) or DNAX Accessory Molecule-1
(DNAM-1) ligands, yet they are often unable to trigger a robust cytotoxic cell response. It may be therapeutically useful
to implement strategies aimed at increasing the density of NKG2D and DNAM-1 ligands on the surface of cancer cells,
endowing them with the capacity to activate potent antitumor natural killer-cell responses.

Natural killer (NK) cells can rec-
ognize and eliminate cells undergoing
phenotypic changes in the course of neo-
plastic transformation. This can occur
either as malignant cells express reduced
levels of proteins that inhibit NK-cell
cytotoxicity, such as MHC class I mole-
cules, on their surface, or upon the upreg-
ulation of NK cell-activating ligands,
including those that bind to NKG2D,
and DNAM-1. Cancer immunosurveil-
lance is indeed strongly impaired in
both NKG2D- and DNAM-1-deficient
mice."? Human stress-inducible NKG2D
ligands include MHC class I polypeptide-
related sequence A and B (MICA and
MICB) as well as UL16-binding proteins
(ULBP1-6). Conversely, so far only two
ligands for human DNAM-1 have been
characterized: poliovirus receptor (PVR,
also known as CD155) and poliovirus
receptor-related 2 (herpesvirus entry
mediator B) (PVRL2, also known as
nectin-2 or CD112). Of note, functional
studies have demonstrated that NKG2D
and DNAM-1 play a key role in the kill-
ing of multiple myeloma (MM) cells,"* a
malignant disorder of plasma cells.

DNA-Damaging Agents

Chemotherapeutic regimens for the
treatment of MM patients typically
include DNA-damaging agents, inhibit-
ing DNA polymerases and hence affect-
ing the replication of highly proliferating
malignant cells. Unfortunately, standard-
dose chemotherapy usually exerts robust
immunosuppressive effects. In line with a
large body of experimental and clinical evi-
dence, we demonstrated that the exposure
of MM cells to sub-lethal doses of geno-
toxic chemotherapeutics is able to increase
the cytotoxic activity of NK cells. In par-
ticular, we have shown that, in response to
doxorubicin and melphalan, MM cell lines
as well as primary malignant plasma cells
from MM patients, upregulate NKG2D
and DNAM-1 ligands, at both the protein
and mRNA levels.

The chemotherapy-elicited  expres-
sion of NKG2D and DNAM-1 ligands
on the surface of MM cells depends on
components of the DNA damage response
(DDR), in particular ataxia telangiectasia
mutated (ATM) and ataxia telangiectasia
and Rad3 related (ATR). The upregula-

tion of stress-inducible NK cell-activating
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ligands is preferentially associated with
the onset of a senescent phenotype and
an arrest in the G, phase of the cell cycle.*
In line with this notion, we have demon-
strated that NK cells contacting senescent
MM cells exhibit an increased propensity
to degranulate, suggesting that NK-cell
cytotoxicity is preferentially activated by
drug-induced senescent cells.* Our studies
unravel one of the mechanisms underlying
the immunomodulatory effects of geno-
toxic chemotherapy, in particular their
impact on the NK-cell effector response.
Moreover, our data confirm that NK cells
are major components of the immunosur-
veillance system that control stress-induced
senescent programs such as those triggered

by drugs and oncogene signaling.*°

HSP90 Inhibitors

Recently, the heat shock 90 kDa pro-
tein (HSP90) family members have
emerged as attractive targets for cancer
therapy. Indeed, not only HSP90s are fre-
quently overexpressed by cancer (includ-
ing MM) cells but they also mediate
prominent pro-survival roles, allowing

€26663-1



Genotoxic drugs

E PVR ﬁ ONAM-1
usn fomsm
T wers

-, lytic
* > granules

Radicicol
17-AAG

MM cell

Figure 1. Upregulation of NKG2D and DNAM-1 ligands by chemotherapy increases antitumor natural killer-cell responses. Genotoxic drugs induce the
expression of NKG2D or DNAM-1 ligands in the surface of cancer cells following the activation of the DNA damage responses (DDR) (1). The activation
of heat shock transcription factor 1 (HSF1) resulting from the inhibition of heat shock 90 kDa protein (HSP90) family members specifically stimulates the
expression of MICA and MICB (2). The inhibition of glycogen synthase kinase 3 (GSK3) correlates with that of signal transducer and activator of transcrip-

tion 3 (STAT3), a negative regulator of MICA transcription.

for the functional expression of oncop-
roteins and/or for the activation of aber-
rant signaling pathways. Several HSP90
inhibitors have been shown to exert anti-
neoplastic activity against human MM
cells in vitro and in vivo.” We have investi-
gated the effects of 17-allylaminogeldana-
mycin (17-AAG) and radicicol, 2 HSP90
inhibitors that display anti-myeloma activ-
ity, on the expression of NK cell-activating
ligands by human MM cells.® We found
that these drugs induce the upregulation
of both MICA and MICB at the mRNA
and surface-exposed protein levels, hence
increasing the sensitivity of human MM
cells to NK-cell mediated cytotoxicity.
Mechanistically, we demonstrated that the
inhibition of HSP90 activates heat shock
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transcription factor 1 (HSF1), a powerful
enhancer of MICA/MICB transcription,
stimulating the binding of HSF1 to MICA
and MICB promoters in vitro and in vivo.

GSK3 Inhibitors

Glycogen synthase kinase 3 (GSK3) is
a multifunctional serine/threonine kinase
that participate in the regulation of mul-
tiple cellular functions including protein
synthesis, motility, proliferation and sur-
vival. Moreover, GSK3 holds promise as
a target for therapeutic interventions in
several cancers (including MM) owing to
its involvement in oncogenesis, tumor pro-
gression and chemoresistance.” We have
recently described the effect of different
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GSK3 inhibitors (i.e., lithium chloride,
SB21, BIO) on the expression of NKG2D
and DNAM-1 ligands by MM cells."* We
found that the inhibition of this kinase
results in the upregulation of MICA on
the surface of human MM cell lines as well
as of primary malignant plasma cells from
MM patients. Accordingly, the exposure
of MM cells to GSK3 inhibitors increases
their susceptibility to NKG2D-dependent
NK cell-mediated killing.

We showed that MICA upregulation
correlates with an increased activity of
the MICA promoter. A pivotal role in this
regulatory mechanism is mediated by the
effect of GSK3 signal transducer and acti-
vator of transcription 3 (STAT3) activity, a
transcription factor that has recently been
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described to specifically inhibic MICA
expression in cancer cells of different ori-
gin. Thus, the pharmacological inhibition
of GSK3 significantly decreases the consti-
tutive phosphorylation of STAT3 at Y705
and its binding to the MICA promoter.
Interestingly, we observed that GSK3
inhibitors can exacerbate the upregula-
tion of MICA as induced in MM cells by
standard chemotherapeutics such as mel-
phalan and lenalidomide. GSK3 has been
characterized as an important regulator of
several cellular components of the immune
response, including NK cells. Our data add
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to this knowledge by demonstrating that
the pharmacological modulation of GSK3
can potentiate the antitumor activity of
NK cells by stimulating the expression of
stress-inducible ligands that promote their
cytolytic activity.

Conclusions

In summary, our findings support the
notion that the clinical benefits of che-
motherapy might partly originate from
the stimulation of antitumor immune
responses. Of note, different classes of
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therapeutics agents can selectively promote
the expression of NKG2D and DNAM-1
ligands on the surface of myeloma cells,
suggesting that the regulation of NK cell-
activating ligands is complex (Fig. 1). A
deep comprehension of the signaling cas-
cades involved in this process would be
useful for the design of novel combination
therapies to optimize antitumor NK-cell
activity.
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