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Exploiting invariant NKT cells
to promote T-cell responses to cancer vaccines
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Invariant natural killer T (iNKT) cells have the capacity to amplify adaptive immune responses by licensing antigen-
presenting cells. A simple vaccine consisting of whole tumor cells pulsed with an iNKT-cell agonist efficiently delivers
antigens plus adjuvants to endogenous dendritic cells and has potential for clinical applications.

Invariant natural killer T (NKT) cells
are a T-cell subset with properties of the
innate immune system. The semi-invari-
ant o3 T-cell receptor expressed by iNKT
cells recognizes glycolipid antigens bound
to CD1d, an MHC Class I-like molecule
that is expressed at high levels by dendritic
cells (DCs). While the functions of iNKT
cells are complex and context-dependent,
it is known that iNKT cells encountering
strong agonistic ligands rapidly release a
wide range of cytokines, and can license
DCs to initiate adaptive immune responses
in a manner that is critically dependent on
CD40-CD40L interactions (reviewed in
ref. 1). Because the iNKT/CDId axis is
conserved in humans, there is interest in
exploiting iNKT cells therapeutically, and
most clinical work in this sense focuses
on administering the potent synthetic
iNKT-cell agonist o-galactosylceramide
(a-GalCer) as a single agent, or loaded onto
DC:s (reviewed in ref. 2). However, animal
studies have shown that the licensing func-
tions of iNKT cells can be better exploited
by the co-administration of a-GalCer and
antigens, leading to potent antigen-specific
responses.' This licensing function has yet
to be tested in humans, but holds promise
as a strategy to enhance vaccine-induced
immunotherapy in the clinic.

The design of effective immuno-
therapies against high-grade glioma faces
numerous challenges, including a high

level of heterogeneity among distinct
tumors and a paucity of defined, immu-
nogenic tumor-associated antigens. An
exception is a mutant form of the epidermal
growth factor receptors, EGFRVIII, which
is expressed in approximately 30% of glio-
blastoma cases. However, the use of a pep-
tide vaccine directed against EGFRVIII
in EGFRVIII* patients resulted in antigen
loss and clinical relapse, illustrating the
limitations of targeting a single antigen.’
For these reasons, there are valid grounds
for the development of vaccines based on
antigens derived from autologous tumor-
cell preparations that are multivalent and
highly personalised. The most common
approach in this sense has been to load
tumor-cell lysates on to autologous mono-
cyte-derived DCs. However, the success of
DC culture is variable, the optimum DC
maturation protocol remains unresolved
and a number of early phase clinical trials
in high grade glioma patients has reported
only a modest impact for this approach.
An alternative strategy is to deliver anti-
gens and an adjuvant to endogenous anti-
gen-presenting cells (APCs). Intact tumor
cells themselves provides a ready-made
vehicle for this purpose, although it is cru-
cial that APCs taking up infused tumor
cells also receive strong licensing signals.
We have recently explored the poten-
tial of a vaccine consisting of irradiated
glioma cells pulsed with a-GalCer and

showed this approach to be effective in
a prophylactic setting, as well as against
established intracranial tumors if regula-
tory T cells were first attenuated.* We have
also demonstrated that this simple vaccine
is effective in models of central nervous
system (CNS) lymphoma, melanoma
and acute myeloid leukemia (unpublished
results). Other groups have successfully
used similar vaccine designs in melanoma
and lymphoma patients.>® The efficacy of
our vaccine was not dependent on CD1d
surface expression by glioma cells. This is
an important translational point because
human glioblastoma multiforme (GBM)
cells also do not express CDId. It also
suggests that a-GalCer was not presented
directly by tumor cells but must have been
transferred to host cells. This is consis-
tent with the idea that the glycolipid and
tumor antigens must be presented by the
same endogenous APC”® (Fig. 1). This
method of a-GalCer delivery also avoids
an indiscriminate systemic iNKT-cell acti-
vation, which is often observed upon the
administration of free a-GalCer, hence
minimizing the possibilities of anergy,
which could limit prime-boost strategies.
Exactly how a-GalCer becomes physically
associated with tumor cells is unclear. In
a previous study, the efficacy of a vaccine
consisting of B16 melanoma cells pulsed
with o-GalCer was enhanced by trans-
fecting tumor cells with CD1d.¢ In view of
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Figure 1. A simple immunotherapy using a-GalCer-pulsed tumor cells. (A) Tumor material obtained from debulking surgery is loaded with
a-galactosylceramide (a-GalCer) in vitro and then irradiated. (B) Upon intravenous administration, dying tumor cells are acquired in lymphoid tissues
draining the lung, or in spleen. (C) The acquired tumor material is processed, and antigenic peptides are presented on MHC molecules to T cells. In our
studies, the presentation of antigens to CD4* T cells was essential for the elicitation of antitumor responses. Importantly, a-GalCer is also acquired by
antigen-presenting cells (APCs) and presented on CD1d molecules. APCs therefore rapidly express immunostimulatory factors such as CD40 upon the
interaction with the relatively numerous invariant natural killer T (iNKT) cells found in lymphoid tissues, thus acquiring an enhanced capacity to drive
conventional T-cell responses. Subsequent antitumor effects are mediated by activated T cells; although activated iNKT cells also have the potential to
exert a direct cytotoxic function. DC, dendritic cell.

our results, obtained with CD1d-negative
tumor cells, we speculate that the lipid
domain of the a-GalCer molecule may
simply insert into the plasma membrane.
The licensing function of iINKT cells
may elicit adaptive responses that are
qualitatively different to those induced
by DC licensed via different pathways.
For example, iNKT cell-licensed DCs
secrete a different array of chemokines
than DCs stimulated by conventional
CD4* T cells.® Whether this explains the
observation that vaccine-induced tumor
immunity was completely dependent on
CD4* T cells, but did not require CD8*
T cells, is unknown; although similar
findings have been reported in a model of
lymphoma.’ In addition to their licensing
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capacity, iNKT cells may also negatively
regulate the immunosuppressive functions
of myeloid-derived suppressor cells,’ a cell
population that is increasingly being indi-
cated as a barrier to effective immunother-
apy against glioma and other cancers."
One concern in implementing our vac-
cinein the clinic s the relatively low number
of iNKT cells found in humansas compared
with mice. Whereas iNKT cells account
for 1% of circulating T cells in C57BL/6
mice, we found that this figure is an order
of magnitude lower in GBM patients and
varies to consistent degrees among sub-
jects.* Encouragingly, the abundance of
iNKT cells in GBM patients was equal
to that of age-matched controls, and cells
from GBM patients readily proliferated in
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response to a-GalCer, suggesting no major
functional defects. Nevertheless, further
studies are needed to determine whether
some patients simply have an insufficient
amount of iINKT cells to benefit from the
adjuvant effects of a-GalCer. The adoptive
transfer of an expanded iNKT-cell popula-
tion prior to vaccination could conceivably
circumvent this problem. Alternatively, this
simple whole tumor-cell vaccine could be
adapted to incorporate additional adjuvants
that work cooperatively with a-GalCer to
promote the licensing of DCs through
multiple pathways.
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