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Radiotherapy sensitizes unresponsive tumors to the antineoplastic activity of antibodies that target the inhibitory
receptor CTLA-4 on T cells. One molecular mechanism accounting for this therapeutic synergy is the induction of NKG2D
ligands on irradiated tumor cells. The fact that NKG2D receptors must be engaged for the elicitation of CD8* T-cell
antitumor responses has important clinical implications.

Antibodies against cytotoxic T lympho-
cyte-associated protein 4 (CTLA-4, also
known as CD152) were the first therapeu-
tics targeting a “checkpoint” receptor on
T cells to be approved by the FDA for use
in metastatic melanoma patients. While
responses to anti-CTLA-4 antibodies are
durable, they develop in a minority of
patients,' prompting studies to investigate
the determinants of such responses and to
identify agents that may synergize with
this therapeutic approach.

In mice bearing poorly immunogenic
tumors that do not respond to anti-
CTLA-4 antibodies given as a stand-
alone intervention, the administration
of anti-CTLA-4 antibodies
with local radiotherapy induces antitu-
mor T-cell responses that inhibit both
irradiated lesions and metastases that
lay outside the radiation field (abscopal
effect).>® The clinical relevance of these
data is supported by the recent observa-

together

tion of abscopal effects in a melanoma
patient subjected to radiotherapy while
progressing in the course of anti-CTLA-4
While radiation

treatment.” ionizing

was known to exert multiple effects that
promote tumor immunogenicity,’ the
mechanisms accounting for its synergistic
interaction with anti-CTLA-4 antibodies
were not fully understood.

We have recently explored these aspects
focusing on the effector phase of antitu-
mor immune responses.’ For this pur-
pose, we used intravital microscopy and a
well-characterized mouse model of poorly
immunogenic breast cancer,” which allows
for the comparison of T-cell behavior
within tumors that respond, or not, to
anti-CTLA-4 antibodies. We studied the
endogenous repertoire of activated CD8*
(TILs)
by exploiting their expression of green
fluorescent protein (GFP) in Cxcr6¥#
mice”” While antigen specificity could
not be determined, antibodies blocking
the binding of MHC Class I molecules to
CD8 reduced the interaction of TILs with
tumor cells, consistent with a polyclonal

tumor-infiltrating  lymphocytes

TIL population enriched in tumor-spe-
cific CD8* T cells. The polyclonal nature
of endogenous TILs is likely to mimic
the clinical reality of cancer patients
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undergoing anti-CTLA-4 antibody-based
therapy. Hence, our model appeared to be
better than others based on reporter anti-
gens and T-cell receptor (TCR)-transgenic
T cells, which mostly reflect the behavior
of a single T-cell clone that usually bears a
high-affinity TCR.

TILs in mice receiving anti-CTLA-4
antibodies alone moved significantly faster
than those in untreated mice, and were
unable to form stable interactions with
tumor cells. While radiotherapy per se
also slightly increased TILs motility, the
combination of anti-CTLA-4 antibod-
ies and irradiation surprisingly produced
the opposite effect: The motility of TILs
was markedly reduced and TILs engaged
in stable interactions with neoplastic cells,
which are required for tumor-cell killing
by T cells.® Retinoic acid early inducible-1
(RAE-1) expressed on the surface of irra-
diated tumor cells appears to be impli-
cated in this phenomenon, as both the
stable interaction of TILs with tumor cells
and the therapeutic effect of the combina-
torial regimen were blocked by antibodies
targeting the RAE-1 receptor NKG2D.*
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Figure 1. Expression of the NKG2D ligand RAE-1 on malignant cells, as induced by radiotherapy, is required for the rejection of poorly immunogenic
tumors by effector CD8* T cells responding to anti-CTLA-4 antibodies. In mice receiving anti-CTLA-4 antibodies, T cells move rapidly through the
tumor and do not stably interact with neoplastic cells. Conversely, upon irradiation malignant cells upregulate RAE-1, in turn promoting their NKG2D-
dependent interaction with T cells and the formation of an immunological synapse that eventually leads to tumor-cell killing.

Our data suggest that the stability of inter-
actions between CD8" effector T lympho-
cytes and neoplastic cells is regulated by
signals transduced by the TCR, NKG2D,
and CTLA-4 (Fig. 1). While it remains to
be determined if the strength of the TCR-
mediated signals dictates the requirement
for NKG2D engagement, the ligation of
CTLA-4 increases the signal threshold
that is needed for immunological synapses
between CD8* T cells and their targets to
form. This function of CTLA-4 has previ-
ously been demonstrated in CD4* T cells,’
but the fact that CTLA-4 also regulates
tumor rejection by CD8* T cells was
unanticipated.

The suppression of T-cell responses by
CTLA-4 involves multple cell-autono-
mous and non-autonomous mechanisms,

€23127-2

acting at the level of naive T-cell prim-
ing as well as on regulatory and effector
CD4* T-cell functions.”® While the suc-
cess of anti-CTLA-4 antibodies is likely to
depend on a multipronged effect, the rela-
tive contribution of each of these immuno-
suppressive mechanisms in a given tumor
model (or a given patient) may differ.
Poorly immunogenic tumors, such as the
one used in our study, are well known for
their unresponsiveness to anti-CTLA-4
antibody-based monotherapy. Irradiation
can convert a tumor into a vaccine in situ,
hence generating T-cell responses that,
upon priming in the context of CTLA-4
blockade, reject tumors also at non-irra-
diated metastatic sites.”* Our data sug-
gest that the T cell-mediated elimination
of cancer cells that survived irradiation
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by mounting a stress response, which are
marked by the expression of NKG2D
ligands, contributes to therapeutic success
in response to anti-CTLA-4 antibodies.

The increased motility of activated
CD8* T cells in response to CTLA-4-
targeting antibodies was confirmed in
vitro. Anti-CTLA-4 antibodies were also
able to reverse the stop signal induced
by soluble anti-CD3 antibodies in the
absence, but not in the presence, of
RAE-1.° Alcogether, these results sup-
port a partial agonistic function of anti-
CTLA-4 antibodies that is regulated by
the molecular context in which effector
T cells interact with their targets.

The critical role played by NKG2D
ligands in determining the response
of poorly tumors

immunogenic to
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anti-CTLA-4 antibodies has important
clinical implications. The upregulation of
NKG2D ligands on the surface of tumor
cells by some chemotherapy drugs or by
radiotherapy may indeed provide a bio-
marker that predicts the success of combi-
natorial regimens involving anti-CTLA-4
antibodies. In addition, NKG2D ligand
expression in normal tissues such as the
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ligands in the therapeutic responses to anti-
CTLA-4 antibodies can only be addressed
in a clinical setting. Currently ongoing
clinical trials involving radiotherapy plus
anti-CTLA-4 antibodies will establish the

true therapeutic value of this approach.
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