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Invariant NKT cells
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Killers and conspirators against cancer
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Although invariant natural killer T (iNKT) cells influence antitumor responses indirectly by secreting cytokines and
promoting the cytolytic functions of T and NK cells, we find that iNKT cells mediate direct tumoricidal activity in vitro and
significantly inhibit tumor growth in vivo, even in the absence of other cytotoxic lymphocytes.

Described over 2 decades ago, invariant
natural killer T (iINKT) cells are innate-
type T lymphocytes that bear “invariant”
T-cell receptors (TCRs) comprised of a
limited number of Vo and VB chains that
recognize glycolipid antigens presented
by the CD1d molecule.! Upon TCR acti-
vation, iNKT cells rapidly secrete large
amounts of a variety of cytokines, includ-
ing interferon y (IFNv), interleukins (IL)-
4, 1L-13, IL-17, tumor necrosis factor
(TNFa), and granulocyte macrophage
colony-stimulating ~ factor  (GM-CSF).
Along with the mediators produced by the
CDld-expressing antigen-presenting cells
with which iNKT cells interact, these cyto-
kines recruit and stimulate the antitumor
functions of cytotoxic lymphocytes such
as natural killer (NK) and CD8* T cells
(Fig. 1).? In so doing, iNKT cells act as cel-
lular adjuvants that boost innate as well as
adaptive antitumor responses. While this
indirect anti-tumor mechanism has been
extensively characterized in murine tumor
models, evidence in support of a direct role
for iNKT cells in the control of tumor
growth is not as robust. In fact, many of
the published reports highlight the indirect
role of iNKT cells or do not adequately
exclude such a mechanism.

To exclusively assess the tumor-directed
functions of iINKT cells themselves, we
examined the lytic activity of highly puri-
fied primary murine iNKT cells against a

variety of cancer cells in vitro. INKT cells
killed malignant cells via a mechanism
that depended on the TCR, CDId, and
glycolipid antigens, such as the prototypi-
cal iNKT cell-stimulating glycosphingo-
lipid a-galactosylceramide (a-GalCer), or
its synthetic analogs PBS44 and PBS57.
Employing CD1d-expressing EL4 murine
T lymphoma cells as our model tumor
target, we demonstrate that: (1) murine
iNKT cells kill glycolipid-loaded but not
unloaded tumor cells in vitro; (2) the cyto-
lytic activity of iINKT cells is reduced in
the presence of CD1d-blocking antibodies;
and (3) iNKT cells lacking SLP-76, which
is critical for TCR-induced signaling, fail
to kill EL4 cells. Together, these findings
highlight the critical role of TCR/CD1d/
glycolipid interactions in the cytolytic
responses of iINKT cells against malig-
nant cells. Interestingly, OCH, an analog
of a-GalCer with a truncated sphingosine
chain that stimulates iNKT cells to secrete
IL-4,? fails to promote the killing of EL4
cells, suggesting a possible dichotomy in
the signals that are required for the cyto-
lytic and secretory functions of INKT cells.

To elucidate the killing mechanisms
employed by iNKT cells in vitro, we used
iNKT cells from mice lacking interferon
v (IFNvy), FAS ligand (FASL), perforin
(PRF1), or tumor necrosis factor (ligand)
superfamily, member 10 (TNFSF10, best
known as TRAIL). While a previous

study implicated FAS/FASL signaling in
the killing of neoplastic B cells by iNKT
cells,* we found that FASL-, as well as
IENvy- and TRAIL-deficient iNKT cells
killed EL4 cells normally. In contrast,
perforin-deficient iINKT cells displayed
a partial reduction in cytotoxicity, which
was fully abolished in the absence of both
FASL and perforin. These observations
reveal that iINKT cells employ multiple
cytotoxic mechanisms, the choice of which
likely depends upon the presence of specific
death receptor ligands on the target cells.
Finally, we examined the capability of
iNKT cells to inhibit tumor growth in
mice. To exclude the indirect effects of
iINKT cells on other cytolytic effectors,
we employed NOD-SCID //2r¢7~ (NSG)
mice, which lack endogenous lympho-
cytes. Remarkably, the adoptive transfer of
purified iNKT cells to NSG mice resulted
in protection from a challenge with gly-
colipid-loaded EL4 cells. Consistent with
our in vitro findings, FASL- and TRAIL-
deficient iNKT cells protected NSG mice
from tumor challenge, whereas perfo-
rin-deficient iNKT cells failed to do so.
Interestingly, the adoptive transfer of puri-
fied iNKT cells significantly extended the
survival of tumor-bearing NSG mice, irre-
spective of whether or not the inoculated
EL4 cells had been pre-loaded with gly-
colipid antigens. While this latter obser-
vation pointed to a TCR-independent
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Figure 1. Indirect and direct mechanisms underlying invariant NKT cell antitumor responses. (A) The interactions between invariant natural killer
T (iNKT) cells and professional-antigen presenting cells (1) such as dendritic cells (DC) stimulate iNKT cells to produce IFN+y (2) and express CD40 ligand
(CD40L), which results in DC activation and production of interleukin 12 (IL-12) (3). In this feed-forward loop, IL-12 further stimulates IFN-y production by
iNKT cells. Ultimately, the combination of these cytokines indirectly boosts the cytolytic activity of CD8* T cells and NK cells (4). (B) iNKT cells may exert
direct antitumor effects through cytolysis, ligand-induced killing, or the production of soluble mediators (e.g., antiangiogenic factors) that negatively
influence the growth and/or survival of neoplastic cells..

antineoplastic activity for iNKT cells in
vivo, the administration of anti-CD1d
antibodies partially reduced the ability
of these cells to control tumor growth.
Overall, these findings are in line with
those of a recent study in which Epstein—
Barr virus (EBV)-infected lymphoblastoid
cell lines treated with a retinoic acid recep-
tor agonist—to upregulate and maintain
the expression of CD1d—were found to
stimulate iNKT cells even in the absence
of exogenous antigens.’

Collectively, our data demonstrate that
iNKT cells can effectively and directly
control the growth of CDI1d* tumors,
but they also generate several questions
that are the subject of ongoing investiga-
tion. First, does the protection afforded
by iNKT cells involve their activation via
TCR-independent mechanisms? A previ-
ous report suggests that the engagement
of the activating NK-cell receptor killer
cell lectin-like receptor subfamily K, mem-
ber 1 (KLRKI, best known as NKG2D)

can stimulate the cytotoxic potential of
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iNKT cells. The precise contribution
of the TCR, NKG2D, cytokines and/or
other factors to iNKT cell-mediated pro-
tection from tumors remains unknown.
Second, if INKT cells are recognizing neo-
plastic cells in situ via a TCR-mediated
mechanism, does this interaction involve
the presentation of endogenous glycolip-
ids, such as the recently described B-D-
glucopyrannosylceramides  (3-GlcCers)?”
If so, can malignant cells alter their presen-
tation of endogenous glycolipids to selec-
tively influence the activation of iNKT
cells under specific circumstances? We
demonstrate that EL4 cells produce endog-
enous B3-GlcCers; however, the ways in
which the composition or expression level
of these endogenous lipids may be altered
are currently unknown. Third, can iNKT
cells serve as a platform for cellular immu-
notherapy? Although several trials have
attempted to address this question, many
of these studies involved the administra-
tion of a-GalCer or a-GalCer-pulsed den-

dritic cells,® which would be expected to
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induce indirect iINKT-dependent antineo-
plastic effects. Furthermore, most of these
studies targeted CDI1d~ tumors, thereby
further reducing the possibility of direct
iNKT cell-mediated antitumor effects. The
answers to these questions will improve our
understanding of how to best harness the
immunostimulatory and cytolytic activi-
ties of INKT cells as a novel and potentially
more effective therapy for CD1d-expressing
tumors.
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