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Introduction

Summary

Invarjant natural killer T (iINKT) cells are a small subset of lymphocytes
that recognize glycolipid antigens in the context of CD1d and conse-
quently produce large quantities of pro-inflammatory and/or anti-inflam-
matory cytokines. Several transmembrane glycoproteins have been
implicated in the co-stimulation of iINKT cell responses. However,
whether glycosylphosphatidylinositol (GPI)-anchored proteins can func-
tion in this capacity is not known. Here, we demonstrate that antibody-
mediated cross-linking of the prototype mouse GPI-anchored protein
Thy-1 (CD90) on the surface of a double-negative (CD4 CD8") iNKT cell
line leads to cytokine production at both the mRNA and protein levels.
In addition, Thy-1 triggering enhanced cytokine secretion by iNKT cells
that were concomitantly stimulated with a-galactosylceramide (aGC), con-
sistent with a co-stimulatory role for Thy-1 in iNKT cell activation. This
was also evident when a CD4" mouse iNKT cell line or primary hepatic
NKT cells were stimulated with «GC and/or anti-Thy-1 antibody. Cross-
linking Ly-6A/E, another GPI-anchored protein, could also boost cytokine
secretion by aGC-stimulated iINKT cells, suggesting that the observed
effects reflect a general property of GPI-anchored proteins. To extend
these results from mouse to human cells, we focused on CD55, a GPI-
anchored protein that, unlike Thy-1, is expressed on human iNKT cells.
Cross-linking CD55 augmented aGC-induced iNKT cell responses as
judged by more vigorous proliferation and higher CD69 expression. Col-
lectively, these findings demonstrate for the first time that GPI-anchored
proteins are able to co-stimulate CD1d-restricted, glycolipid-reactive iNKT
cells in both mice and humans.

expressed by a variety of cell types. Although the physio-
logical ligands for iNKT cells remain ill-defined, a synthetic

Invariant natural killer T (iNKT) cells are a rare, but extre-
mely potent subpopulation of lymphocytes that link innate
and adaptive immune mechanisms."” They simultaneously
express NK cell markers and a canonical T-cell receptor
(TCR) whose a chain invariably exhibits a Vo14-J«18 rear-
rangement in mice and a Vo24-Jol8 rearrangement in
humans and pairs with a limited number of V chains.**
Unlike conventional T cells that detect peptide-MHC
complexes, the TCR of iNKT cells recognizes and responds
to glycolipid molecules presented within the deep, hydro-
phobic pocket of CD1d, an MHC class I-like molecule

derivative (KRN7000) of marine sponge-derived glycolipid
called a-galactosylceramide (¢GC) has been widely used to
study both mouse and human iNKT cell responses.”®
Once activated by their cognate glycolipid antigens,
iNKT cells swiftly release remarkably high amounts, on a
per cell basis, of T helper type 1 (Thl) and/or Th2 cyto-
kines, and transactivate several other immunocytes,
including NK cells,”® B cells’ and conventional T cells.'’
The unique property of iNKT cells to modulate a pleth-
ora of immune functions by virtue of the pro-inflamma-
tory and/or anti-inflammatory cytokines they secrete has
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earned them the moniker ‘double-edged swords’ of the
immune system,"' and led to intense investigations aimed
at designing novel and effective iNKT cell-based immuno-
therapeutic modalities. For instance, «GC and ex vivo-
expanded iNKT cells have been used in several clinical
trials for various types of cancer and have shown some
promise.'*"* KRN7000 was in fact discovered in a screen
for novel anti-cancer agents.’

The role of iNKT cells in regulation of immune
responses has come under scrutiny but it is equally
important to understand how the responsiveness of iINKT
cells themselves is modulated. Other than requisite inter-
actions between aGC: CD1d complexes and the canonical
TCR of iNKT cells, several cell surface molecules have
been implicated in the regulation of iINKT cell activation
in various in vitro and in vivo settings. These include
CD28,'° CD40,"® inducible co-stimulator,'®” glucocorti-
coid-induced tumour necrosis factor receptor,'® CD137
(4-1BB)"?° and CD134 (OX40).>! These are membrane-
spanning glycoproteins that function mainly in the capac-
ity of co-stimulatory molecules to boost or optimize
iNKT cell responses.

Glycosylphosphatidylinositol (GPI)-anchored proteins
constitute a family of cell surface proteins that exhibit
potent signalling activity in various cell types, including
conventional T lymphocytes.”* As GPI-anchored proteins
lack a cytoplasmic tail, their signalling capacity is proba-
bly the result of their association with lipid rafts, mem-
brane microdomains rich in signalling intermediates.

The prototype GPI-anchored protein Thy-1 is a small,
heavily glycosylated molecule found abundantly on the
surface of mouse and human thymocytes as well as mouse
peripheral T cells.”*** Antibody-mediated cross-linking of
Thy-1 is known to initiate T-cell proliferation and inter-
leukin-2 (IL-2) production.25 We previously demon-
strated that Thy-1 can provide a surrogate signal 1 to
initiate T cell responses on its own or co-stimulate T cell
activation in the presence of classical TCR triggering.*®
We therefore proposed a dual signalling property for
Thy-1 in the context of T cell activation. While the role
of Thy-1 and other GPI-anchored proteins in conven-
tional T cell responses has been studied extensively, it is
not known whether these molecules participate in or
modulate the responses elicited by glycolipid-reactive
iNKT cells. This is an important question given the
prominent immunomodulatory roles played by these lym-
phocytes in health and disease.

In this study, we investigated the expression and/or
function of mouse Thy-1 and Ly-6A/E as well as human
CD55 in iNKT cells. CD55, also called decay-accelerating
factor, is a GPI-anchored protein that, unlike Thy-1, is
expressed by human peripheral T cells’” and is able to
co-stimulate conventional T cells.”®

We found that Thy-1 cross-linking alone leads to cyto-
kine secretion by mouse iNKT cells. Furthermore, when

combined with glycolipid-induced TCR signalling, Thy-1
ligation augmented iNKT cell activation, which is consis-
tent with a co-stimulatory function for this molecule in
the context of iNKT cell responses. A similar effect was
observed when mouse Ly-6A/E was ligated. We also dem-
onstrated that human iNKT cells can be co-stimulated
through CD55. Together, these findings highlight an
important and novel role for GPI-anchored proteins in
iNKT cell responses.

Materials and methods

Mice

Female and male C57BL/6 mice, 6-10 weeks of age, were
purchased from Charles River Canada Inc. (St Constant,
QC, Canada), housed under specific pathogen-free condi-
tions in our animal care facility at The University of Wes-
tern Ontario, and cared for in accordance with
institutional regulations and the guidelines established by
the Canadian Council for Animal Care. Jo18'~ mice that
are iINKT cell deficient” were obtained from Dr Masaru
Taniguchi (RIKEN Research Center for Allergy and Immu-
nology, Yokohama, Japan) and bred in the same facility.

Cell lines

DN32.D3, a Val4" CD4 CD8  mouse iNKT cell line,*
was provided by Dr Albert Bendelac (The University of
Chicago, Chicago, IL). The Val4"CD4"CD8  mouse
iNKT cell line N38-2C12°° and the non-invariant mouse
NKT cell line N37-1A12°" were obtained from Dr Kyoko
Hayakawa (Fox Chase Cancer Center, Philadelphia, PA).
The CD4" mouse T cell line C6E1 with specificity for
pigeon cytochrome ¢** was kindly provided by Dr Joa-
quin Madrenas (The University of Western Ontario,
London, ON, Canada). Cells were maintained in RPMI-
1640 medium supplemented with 10% heat-inactivated
fetal bovine serum, 0-1 mm minimal essential medium
non-essential amino acids, 2 mm L-glutamine, 1 mm
sodium pyruvate, 100 U/ml penicillin, 100 pg/ml strepto-
mycin and 50 pm 2-mercaptoethanol, which will, hereaf-
ter, be referred to as complete medium.

Cytofluorimetric analysis and sorting

Mice were killed by carbon dioxide asphyxiation. Spleen
cell suspensions were prepared in ice-cold PBS (pH 7-2—
7-4) using a glass tissue homogenizer. Cell preparations
were depleted of erythrocytes by incubation in ACK lysis
buffer for 5 min at room temperature with occasional,
gentle shaking. To obtain hepatic lymphoid mononuclear
cells, livers were removed, perfused by injecting 10 ml
PBS into the portal vein, cut into small pieces and
pressed through a 200-pm metallic mesh. After washing
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in cold PBS, the liver homogenate was resuspended in a
33-75% Percoll™ PLUS solution (GE Healthcare Bio-Sci-
ences AB, Uppsala, Sweden) and centrifuged at 700 g for
12 min at room temperature. The pelleted cells were then
washed and treated with ACK lysis buffer to deplete
erythrocytes as described above. The percentage of splenic
and hepatic INKT cells was then determined by CD1d tet-
ramer staining. Cells were first incubated on ice with
anti-CD16/CD32 monoclonal antibody (mAb) (clone
2.4G2, Fc Block) followed by concomitant staining with
FITC-conjugated anti-TCR-f mAb (clone H57-597) pur-
chased from eBioscience (San Diego, CA) and allophyco-
cyanin (APC)-conjugated PBS-57-loaded mouse CD1d
tetramers. Unloaded mouse CD1d tetramers conjugated
with APC were used in paralle]l as a negative control.
Both PBS-57-loaded and -unloaded tetramer reagents
were generously provided by the NIH Tetramer Core
Facility (Atlanta, GA). To determine the expression of Fcy
receptors II/III and Thy-1 by mouse iNKT cells, phycoer-
ythrin (PE)-conjugated anti-CD16/32 mAb (clone 2.4G2)
and PE-conjugated anti-Thy-1.2 mAb (clone 30-HI2)
were purchased from BD Pharmingen (San Jose, CA) and
eBioscience, respectively, and used in our cell staining
protocols. Cells were washed and fixed in 1% paraformal-
dehyde before a BD FACSCalibur or BD FACSCanto II
flow cytometer was used for data acquisition. Data analy-
sis was carried out using FLowJo software (Tree Star, Ash-
land, OR).

To obtain highly purified liver NKT cells from mice,
hepatic mononuclear cells were incubated on ice with Fc
Block for 20 min and subsequently stained with FITC-
conjugated anti-TCR-f mAb and PE-conjugated anti-
NK1.1 mADb (clone PK136) purchased from BD Pharmin-
gen. In a limited number of control experiments, these
cells were additionally stained with APC-conjugated PBS-
57-loaded or -unloaded mouse CDI1d tetramers. To pre-
vent clumping, cells were washed and incubated with PBS
containing 0-1% BSA and 10 mm EDTA for 10 min. Cells
were washed again, filtered through a 40-pm strainer, and
resuspended at 3 x 107 to 4 x 107 cells/ml in Hanks® bal-
anced salt solution supplemented with 0-1% BSA. The
TCR-f" NKI1.1" cells were then sorted using a BD FACS-
Vantage Cell Sorter and 8D FACSDiva software. The pur-
ity of sorted NKT cells was typically > 99%.

For the staining of human iNKT cells, the cells were
stained first with APC-conjugated PBS-57-loaded or -
unloaded human CD1d tetramers at room temperature
for 30 min followed by a single wash and subsequent
staining with additional fluorochrome-labelled reagents
for 30 min on ice. The FITC-conjugated anti-CD3 mAb
(clone OKT3), PE-conjugated anti-CD69 mAb (clone
FN50), PE-conjugated anti-Thy-1 mAb (clone 5E10) and
APC-eFluor780-conjugated  anti-CD3  mAb  (clone
UCHTI1) were all purchased from eBioscience. The
PE-conjugated anti-CD55 mAb (clone BRIC216) was
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obtained from The International Blood Group Reference
Laboratory (Bristol, UK). Human CD1d tetramer reagents
were provided by the NIH Tetramer Core Facility.

All isotype control reagents used in this study were
purchased from eBioscience with the sole exception of rat
IgG2c, which was obtained from Medical & Biological
Laboratories Co., Ltd (Nagoya, Japan).

Generation of mouse bone marrow-derived dendritic cells

Dendritic cells (DCs) were generated from bone marrow
precursors as previously described.”® In brief, bone mar-
row cells were flushed out of femurs and tibias using cold
PBS and filtered through a 70-pm strainer. Erythrocytes
were removed by treatment with ACK lysis buffer, and
the remaining marrow cells were resuspended at
4 x 10° cells/ml in complete medium containing 4 ng/ml
granuloctye—macrophage colony-stimulating factor (GM-
CSF) and 1000 U/ml IL-4 (PeproTech Inc., Rocky Hill,
NJ). Twenty million cells were seeded into each well of a
six-well polystyrene plate. On days 2 and 4, floating cells
were removed and fresh medium containing GM-CSF
and IL-4 was added to the wells. On day 6, when DCs
detach, all floating cells were harvested, washed and used
as accessory cells in our experimental protocols.

Mouse NKT and T cell activation

Between 20 000 and 100 000 NKT cells were seeded in a
total volume of 200 pl/well in 96-well polystyrene microt-
itre plates. When N38-2C12 iNKT cells or sorted hepatic
NKT cells were assayed, bone marrow-derived DCs were
also added to the wells at an NKT : DC ratio of 5: 1.
The NKT cells were stimulated with synthetic aGC
(KRN7000) obtained from Kirin Brewery (Gunma, Japan)
and/or anti-Thy-1 mAb (clone G7) purchased from eBio-
science. Control cultures received polysorbate vehicle and/
or a rat IgG2c isotype control as indicated. In some
experiments, FcyRs II/IIT were blocked using 5 pg/ml Fc
block for 20 min before adding anti-Thy-1 mAb to
cultures.

To activate DN32.D3 iNKT cells with «GC and G7,
there was no requirement for the presence of accessory
cells in culture.®® In contrast, bone marrow-derived DCs
were present in culture when DN32.D3 cells were stimu-
lated with a combination of «GC and anti-Ly-6A/E mAb
(clone D7) purchased from e-Bioscience.

In a limited number of experiments, DN32.D3 iNKT
cells, N37-1A12 non-invariant NKT cells and C6El con-
ventional T cells were stimulated with plate-coated anti-
CD3 mADb (Cedarlane Laboratories, Burlington, ON) in
the presence or absence of soluble G7.

For in vivo iNKT cell activation, mice were injected
intraperitoneally with 2 ng «GC (or vehicle). After 72 hr,
a time-point at which iNKT cells are known to reach
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their peak frequency following oGC-mediated expan-
sion,”® mice were killed and splenic and hepatic mononu-
clear cells were isolated as described above.

Cytokine quantification by ELISA

Culture supernatants were harvested from wells contain-
ing INKT cell lines or primary hepatic NKT cells at 24 hr
or 48 hr after stimulation, respectively. The cytokine con-
tent of samples was quantified by ELISA using Ready-Set-
Go kits for mouse IL-2, IL-4 and interferon-y (IFN-y)
(eBioscience). Plates were read at a dual wavelength of
450/570 nm using a Benchmark Microplate Reader (Bio-
Rad Laboratories, Hercules, CA).

Reverse transcriptase quantitative PCR

Total RNA was extracted using TRIzol Reagent (Invitro-
gen, Burlington, ON). RNA concentration and purity
were determined using a NanoDrop 1000 Spectrophotom-
eter (Thermo Scientific, Waltham, MA). One microgram
of RNA was reverse transcribed into ¢cDNA using oligo-
dT(18) primers and Advantage RT-for-PCR Kit (Clontech
Laboratories Inc., Mountain View, CA). For quantitative
PCR, the resulting cDNA was diluted 1 : 100 in diethyl-
pyrocarbonate-treated water (Invitrogen) for glyceralde-
hyde 3-phosphate dehydrogenase amplification and 1 :5
for IL-2 and IL-4 amplification, or left undiluted for IFN-
y amplification. Briefly, 2-5 ul of cDNA was added to
10 pl QuantiTect SYBR Green (Qiagen Inc., Mississauga,
ON), 2-4 ul of 1-25 pum forward and reverse primers, and
5-1 pl diethylpyrocarbonate-treated water for a total vol-
ume of 20 pl per tube. Primer sequences used for cDNA
amplification were as follows: glyceraldehyde 3-phosphate
dehydrogenase (forward: 5-CGT CCC GTA GAC AAA
ATG GT-3'5 reverse: 5-TTG ATG GCA ACA ATC TCC
AC-3'); IL-2 (forward: 5'-AAC TCC CCA GGA TGC TCA
C -3’5 reverse: 5-CGC AGA GGT CCA AGT TCA TC-3');
IL-4 (forward: 5-TGA ACG AGG TCA CAG GAG AA-3';
reverse: 5'-CGA GCT CAC TCT CTG TGG TG-3'); IFN-y
(forward: 5-ACA GCA AGG CGA AAA AGG AT-3;
reverse: 5-TGA GCT CAT TGA ATG CTT GG-3').

The amplification protocol for all the above genes was
the following: Taq DNA polymerase was activated for
15 min at 95° followed by 40 cycles of denaturation for
15 seconds at 95° and annealing for 30 seconds at 60°. A
melt analysis was always performed post-cDNA amplifica-
tion to ensure that only one PCR product was being
amplified. Data were acquired on a Rotor-Gene 3000
(Corbett Research, Mortlake, Australia) and analysed using
the AAC, method.*® This method was applicable because
all primers had 100% efficiency as judged by linear regres-
sion analysis of a standard cDNA dilution series. Messen-
ger RNA levels were expressed relative to untreated cells,
which were assigned an arbitrary expression ratio of 1.

Human peripheral blood mononuclear cell isolation

All human work was performed in accordance with a
protocol approved by The University of Western Ontario
Research Ethics Board for Health Sciences Research
Involving Human Subjects. Peripheral blood was collected
from healthy volunteers (men and women, ranging in age
from 23 to 44 years) and two patients (one man and one
woman) with paroxysmal nocturnal haemoglobinuria into
heparin-containing vacutainer tubes and subsequently
diluted with an equal volume of PBS. The diluted blood
was overlaid onto a Ficoll-Paque gradient (GE Health-
care) and spun at 800 g for 30 min. Peripheral blood
mononuclear cells (PBMCs) forming the buffy coat layer
were collected, washed and spun three times in PBS, twice
at 456 g and once at 233 g to remove platelets, before
being resuspended in complete medium.

Human iNKT cell proliferation

Human PBMCs were incubated with 5 um carboxyfluo-
rescein succinimidyl ester (CFSE; Molecular Probes,
Eugene, OR) for 15 min at 37°. Cells were subsequently
washed and incubated in complete medium. The CFSE-
stained cells were seeded at 3 x 10° cells/well in a 24-well
plate. Some wells were previously coated overnight with
10 pg/ml anti-CD55 mAb diluted in PBS. In addition to
plate-bound anti-CD55 mAb, aGC was added to some
cultures. On day 6, cells were harvested and iNKT cells
were identified through staining with APC-conjugated
human CDI1d tetramer. In some experiments, iNKT cells
were co-stained with both tetramer and APC-eFluor780-
conjugated anti-CD3 mAb. After data acquisition on a
BD FACSCanto II, CD1d tetramer" iNKT cells were gated
upon and their CFSE dilution was assessed as a measure
of cellular proliferation.

Statistical analysis

Data are shown as mean + SD in triplicate wells of inde-
pendent experiments yielding similar results. Statistical
analyses were conducted with the aid of GraPHPAD PRISM
software. Statistical comparisons were performed using
Student’s t-test and differences were considered statistically
significant at P-values < 0-05, where *, ** and *** denote
P <0:05, P<0-01 and P < 0-001, respectively. Experi-
ments were repeated three times unless otherwise stated.

Results
Thy-1 is strongly expressed on both resting and
activated mouse iNKT cells

Following its discovery almost half a century ago, Thy-1
was adopted as a marker for thymus-derived, peptide:
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MHC-responsive mouse lymphocytes.”” Whether glyco-
lipid-reactive, CD1d-restricted NKT cells, which are pro-
foundly different from conventional T cells, express
functional Thy-1 is not known. To begin to address this
question, we used DN32.D3 mouse iNKT cells that are
known to express ample CD1d** and the characteristic
Vol4-Jo18 invariant TCR.* The oGC-induced activation
of DN32.D3 cells does not require the co-presence of
accessory cells in culture, which provides us with a clean
system in which to study the expression and function of
Thy-1 in INKT cells.

DN32.D3 cells were left untreated or were stimulated
with 100 ng/ml a«GC for 24 hr. The optimal aGC dose
and time point for DN32.D3 cell stimulation were deter-
mined in previous experiments based on their ability to
secrete IL-2, which is the main readout for mouse iINKT
cell lines.”* Both unstimulated and oGC-stimulated
DN32.D3 cells were subsequently stained with a fluoro-
chrome-labelled anti-Thy-1.2 mAb and exhibited high
expression levels of Thy-1 (Fig. la).

Next, we examined the expression of Thy-1 on primary
iNKT cells. Mice received a single «GC dose of 2 pug or
its corresponding vehicle intraperitoneally. Three days
later, a time-point at which iINKT cell frequency is
known to reach its peak following aGC injection,” mice
were killed and their spleen and liver were isolated. Con-
sistent with previous reports,”>”® «GC treatment was able
to vigorously expand splenic and hepatic iNKT cell pop-
ulations that exhibit a TCR B" CD1d tetramer’ pheno-
type (Fig. 1b,c). Thy-1 was found to be strongly
expressed on both splenic and hepatic iINKT cells exam-
ined in their steady and activated states. As predicted,
conventional T cells (TCR 8% CD1d tetramer~) were also
high Thy-1 expressors, whereas non-T cells (TCR f7) did
not show marked expression of Thy-1 (data not shown).
Control J#18™/~ mice that are devoid of iNKT cells® did
not exhibit any staining with the mouse CDId tetramer
reagent used in these experiments as predicted (data not
shown). Collectively, these data establish that both a
mouse iINKT cell line and primary iNKT cells abundantly
express Thy-1 regardless of their activation status.

Thy-1 cross-linking on iNKT cells results in robust
cytokine secretion

Although Thy-1 is known to play a role in non-specific
polyclonal responses of conventional T cells,”®** whether
its triggering can bypass the requirement for recognition
of glycolipid: CD1d complexes by iNKT cells remains
essentially unexplored. Given that the physiological ligand
for T cell-expressed Thy-1, if it exists, is still unknown,
we incubated DN32.D3 cells with increasing doses of an
anti-Thy-1 mAb (clone G7), which is known to cross-
link this tiny GPI-anchored protein in soluble form and
without any requirement for a secondary antibody.*’
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Figure 1. Thy-1 is expressed on a mouse invariant natural killer
(INKT) cell line and primary iNKT cells. DN32.D3 mouse iNKT cells
were left untreated or stimulated with o-galactosylceramide (xGC;
100 ng/ml) for 24 hr. Cells were harvested and stained with phycoer-
ythrin (PE)-conjugated anti-Thy-1.2 monoclonal antibodies (mAb)
(open histograms) or isotype control (filled histogram). The expres-
sion of Thy-1 was analysed by flow cytometry and the mean fluores-
cence intensity was calculated (a). C57BL/6 mice were injected
intraperitoneally with 2 pg «GC or vehicle. Splenocytes (b) and
hepatic lymphoid mononuclear cells (c) were prepared 72 hr after
injection. Cells were stained with a FITC-conjugated anti-T-cell
receptor-ff mAb, allophycocyanin-conjugated CD1d tetramer, and
either PE-conjugated anti-Thy-1.2 mAb (open histogram) or isotype
control (filled histogram). T-cell receptor-f* CDI1d tetramer™ iNKT
cells were gated on and Thy-1 expression was analysed.
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Stimulation of DN32.D3 cells with G7, but not with a
rat IgG2c isotype control, led to robust IL-2 production
that occurred in a dose-dependent fashion and reached a
plateau at a mAb dose of 40 pg/ml (Fig. 2a).

It is noteworthy that iNKT cells bear surface Fcy recep-
tors (FcyRs),40 and we confirmed that DN32.D3 cells
express substantial levels of FcyRII/III (Fig. 2b). To ensure
that iINKT cell activation by G7 was a consequence of
Thy-1 triggering and not the result of potential binding
of G7 to FcyRs, DN32.D3 cells were incubated with an
anti-FcyRII/III mAb (Fc Block) before stimulation with
increasing concentrations of G7. The blockade of FcyRs
failed to prevent or attenuate G7-induced cytokine pro-
duction (Fig. 2¢), indicating that iNKT cell activation by
G7 was indeed caused by Thy-1 cross-linking. This is
consistent with our previous report that the presence of
FcyR-bearing cells is not required for G7-mediated activa-
tion of conventional T cells,® which occurs probably
because of the cross-linking of a large number of Thy-1
molecules on T or iNKT cells (Fig. 1), or may simply be
a reflection of a potential self-aggregating characteristic of
the G7 anti-Thy-1 mAb per se.

Thy-1 cross-linking augments iNKT cell responses
to aGC

Invariant natural killer T cells express a number of co-stim-
ulatory molecules shared by conventional T cells. However,
one cannot always assume similar functional outcomes
arising from the engagement of these molecules in iNKT
and T cells. Resting iINKT cells have a pre-activated or
‘memory-like’ phenotype, which is manifest even in germ-
free animals*' and in human cord blood.*” This suggests
that iINKT cells may have a lower threshold for activation,
co-stimulation and elicitation of effector responses in com-
parison with naive conventional T cells. Furthermore,
although several transmembrane proteins have been
reported to co-stimulate iNKT cells, whether cross-linking
of GPI-anchored proteins, typified by Thy-1, augments
iNKT cell responses to glycolipid antigens is not known.

We addressed this question by simultaneously stimulat-
ing DN32.D3 cells with «GC and anti-Thy-1 mAb (G7).
A mAb concentration of 5 pug/ml was adopted as the low
dose G7 because it induced slightly less than the half
maximal IL-2 response by DN32.D3 cells, and a G7 dose
of 40 pg/ml was selected as the high dose at which the
IL-2 response began to plateau (Fig. 2a). When DN32.D3
cells were stimulated concomitantly with «GC and either
a low or high dose of G7, they secreted significantly
greater amounts of IL-2 in comparison with treatment
with «GC or G7 alone (Fig. 3a). This clearly demonstrates
that Thy-1 cross-linking enhances «GC-mediated iNKT
cell activation.

We also quantified the levels of IFN-y and IL-4, proto-
type Thl- and Th2-type cytokines released by iNKT cells,
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Figure 2. Thy-1 cross-linking leads to mouse invariant natural killer
(iNKT) cell activation in an Fcy receptor (FcyR)-independent fashion.
DN32.D3 cells were incubated with increasing doses of a soluble anti-
Thy-1 monoclonal antibody (mAb; clone G7) or an isotype control
(rat IgG2c). After 24 hr, culture supernatants were harvested and inter-
leukin-2 (IL-2) levels were measured by ELISA (a). DN32.D3 cells were
stained with a phycoerythrin-conjugated anti-FcyRII/III mAb (open
histogram) or isotype control (filled histogram). FcyRII/III expression
on cells was analysed by flow cytometry (b). FcyRs expressed by
DN32.D3 cells were blocked by treatment with an anti-FcyRII/III mAb
(Fc Block). After 20 min, indicated doses of soluble G7 were added
into the cultures. Culture supernatants were harvested after 24 hr and
the IL-2 content of the samples was quantified by ELISA (c). Data are
representative of two independent experiments yielding similar results.

respectively, in culture supernatants. The Thy-1 cross-link-
ing by low- and high-dose G7 alone induced IFN-y and
IL-4 secretion by DN32.D3 cells (Fig. 3a). Furthermore,
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G7 was able to augment glycolipid-mediated IFN-y and
IL-4 production in a similar manner to that seen with IL-
2. Similar results were obtained when we used the CD4"
iNKT cell line N38-2C12 (Fig. 4), suggesting that enhanced
TCR-mediated cytokine production after Thy-1 cross-link-
ing was not influenced by CD4 expression and that our
findings are applicable to Dboth double-negative
(CD47CD87) and CD4" iNKT cells.

While considered a reliable measure of cellular activa-
tion, the cytokine content of culture supernatants does
not always necessarily reflect de novo cytokine synthesis.
This is particularly important in the case of iINKT cells
because they uniquely contain pre-formed mRNA for
pro-inflammatory and anti-inflammatory  cytokines,
which explains the rapidity with which they secrete these
cytokines.*>** Importantly, the initial burst of cytokines
from iNKT cells may be independent of certain co-stimu-
latory molecules such as CD40 ligand.** Therefore, it was
of interest to determine whether the observed co-stimula-
tory function of Thy-1
enhanced cytokine secretion or reflected increased cyto-
kine production at both the mRNA and protein levels.
We therefore quantified mRNA transcripts for IL-2, IFN-
y and IL-4 in DN32.D3 cells stimulated with «GC and/or

correlated exclusively with
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G7. These cells exhibited substantial levels of mRNA for
IL-2, but little to no IFN-y or IL-4 in their steady state.
Nevertheless, the expression ratios of all these cytokines
were significantly greater in cultures receiving a combina-
tion of «GC and G7 compared with cultures receiving
either treatment alone (Fig. 3b), which is consistent with
what was observed at the secreted protein level (Fig. 3a).

To translate our findings from mouse cell lines to pri-
mary iNKT cells, we examined the consequences of Thy-1
cross-linking on hepatic NKT cells. Cultures containing
iNKT cells that were sorted based on their binding to
CD1d tetramer contained high background cytokine levels
(data not shown), which is consistent with their partial
activation by CD1d tetramer reagents leading to sponta-
neous cytokine secretion.’® Therefore, we stained and iso-
lated hepatic NKT cells based on their concomitant
expression of TCR f# and NKI.1 and according to stan-
dard protocols. In our hands, the vast majority of these
TCR B* NKI.1" cells are iNKT cells as evidenced by their
reactivity with glycolipid-loaded CD1d tetramer (Fig. 5a).
Thy-1 cross-linking by G7 alone induced marked IFN-y
and IL-4 production by freshly isolated hepatic NKT cells
(Fig. 5b,c). Furthermore, co-stimulation with G7 boosted
cytokine production in response to «GC.
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Figure 4. Thy-1 cross-linking augments o-galactosylceramide (¢GC)-
mediated cytokine secretion by mouse CD4" invariant natural killer
(iNKT) cells. N38-2C12 cells were co-incubated with bone marrow-
derived dendritic cells and stimulated with oGC alone (100 ng/ml),
with a low (5 pg/ml) or high (40 pg/ml) dose of G7, or with a combi-
nation of «GC and G7. After 24 hr, culture supernatants were har-
vested and interleukin-2 (IL-2), interferon-y (IFN-y) and IL-4 levels
were measured by ELISA. ** and *** represent P < 0-01 and
P < 0-001, respectively. Adding G7 to bone marrow-derived dendritic
cells alone did not result in cytokine secretion (not shown).

Classical co-stimulatory molecules such as CD28 and
CD40 ligand have been reported to contribute differen-
tially to the regulation of Thl and Th2 functions of iNKT

cells.”” We therefore determined whether Thy-1 cross-
linking creates a pronounced bias towards either a Thl or
Th2 phenotype in NKT cells. We calculated the ratios of
IFN-y : IL-4 production by hepatic NKT cells in different
groups. These ratios were then compared with aGC-trea-
ted cells, which were assigned an arbitrary value of 1. We
did not find any difference between aGC-activated NKT
cells and cells activated with a combination of «GC and
G7 in this regard (data not shown). Collectively, our find-
ings demonstrate that Thy-1 triggering can enhance classi-
cal TCR-mediated activation of NKT cells without any
cytokine-biased Th response.

TCR-mediated activation of non-invariant NKT and
conventional T cells is augmented by concomitant
Thy-1 triggering

We previously reported that Thy-1 cross-linking enhances
anti-CD3-induced activation of primary mouse T cells.*®
In the present study, we compared the cytokine response
of DN32.D3 iNKT cells with that of N37-1A12 cells (a
non-invariant NKT cell line) and C6E1 cells (an MHC-
restricted conventional T cell line) upon co-stimulation
through Thy-1. In this experiment, we chose plate-coated
anti-CD3 mAb as the source of signal 1 for two reasons.
First, N37-1A12 and C6El cells are not responsive to
oGC. Second, this approach enabled us to properly con-
trol for the intensity of signal 1. Therefore, using anti-
CD3 mAD to trigger the TCR of iNKT and non-iNKT cell
lines allowed for a true head-to-head comparison of these
cell types. We found that Thy-1 cross-linking augments
anti-CD3-induced IL-2 secretion by DN32.D3, N37-1A12
and C6E1 cells alike (Fig. 6). This strongly suggests that
GPI-anchored proteins fulfil a similar co-stimulatory role
in both NKT and conventional T cells.

Cross-linking of Ly-6A/E co-stimulates iNKT cells

To examine whether the observed enhancing effect of G7
merely reflects a co-stimulatory function for Thy-1 in the
context of iINKT cell activation, or represents a general
property of GPI-anchored proteins, we extended our
studies to Ly-6A/E, another GPI-anchored protein
expressed by mouse T cells. DN32.D3 cells were incubated
with aGC in the presence or absence of an anti-Ly-6A/E
mADb (clone D7) and the IL-2 content of culture superna-
tants was quantified. Unlike G7, which can cross-link
Thy-1 on its own, stimulation with D7 requires the pres-
ence of accessory cells (e.g. bone marrow-derived DCs) in
culture.*” Stimulation with D7 alone failed to induce IL-2
production (Fig. 7). However, Ly-6A/E cross-linking
enhanced the IL-2 response of aGC-stimulated iNKT
cells. Similar results were obtained when IFN-y and IL-4
were assayed (data not shown). Therefore, iNKT cells can
apparently be co-stimulated by GPI-anchored proteins
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other than Thy-1, strongly suggesting a general co-stimu-
latory function for this class of cell surface proteins in
regulation of INKT cell responsiveness.

CD55 cross-linking enhances TCR-mediated human
iNKT cell activation

In humans, Thy-1 is expressed on a small subpopulation
of cortical thymocytes, but its expression is lost on
peripheral conventional T lymphocytes.*® To extend our
findings from mice to humans and in an effort to explore
the potential co-stimulatory function of GPI-anchored
proteins in human iNKT cells, we asked whether Thy-1 is
present on human iNKT cells. Human PBMCs obtained
from healthy donors were tested for human CD1d tetra-
mer reactivity and INKT cells were identified as
CD3" CD1d-tetramer " cells. Within this small subpopula-
tion of lymphocytes, no Thy-1 expression was observed
(Fig. 8a). This was not because of the possible, but

unlikely, inability of the mAb employed to stain the cells
because the same mAb showed strong reactivity with
human mesenchymal stem cells that were used as positive
controls because of their known expression of Thy-1*
(data not shown).

As Thy-1 is absent from the human iNKT cell mem-
brane, to explore the potential co-stimulatory capacity of
human GPI-anchored proteins, we shifted our focus from
Thy-1 to CD55. Also known as decay-accelerating factor,
CD55 is a GPI-anchored protein with wide expression
among human PBMCs, and is best known for its regula-
tory function in the complement activation cascade.”’
However, CD55 has also been implicated in co-stimula-
tion of conventional human T cells because co-engage-
ment of CD55 and CD3 on CD4" T cells results in
enhanced T cell proliferation, CD25 and CD69 activation
marker expression, and IL-10 and GM-CSF secretion.”®
Therefore, CD55 was an excellent candidate GPI-anchored
protein for our studies in human iNKT cells. Unlike
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Figure 6. Thy-1 cross-linking augments the interleukin-2 (IL-2)
response of invariant natural killer (iNKT) cell, non-invariant NKT
cell and conventional T cell lines. DN32.D3, N37-1A12 and C6E1 cells
were stimulated with plate-coated anti-CD3 (10 pg/ml for overnight
coating at 4°) in the absence or presence of soluble G7 (40 pg/ml).
Culture supernatants were harvested 24 hr later and assayed for IL-2.
*** denotes a statistically significant difference with a P-value < 0-001.

Thy-1, CD55 was strongly expressed on human peripheral
blood iNKT cells (Fig. 8b), enabling us to investigate
whether CD55 plays a role in co-stimulation of human
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Figure 7. Ly-6A/E  cross-linking augments o«-galactosylceramide
(2GC)-induced cytokine production by mouse invariant natural
killer (iNKT) cells. DN32.D3 cells were co-incubated with bone mar-
row-derived dendritic cells and stimulated with «GC alone (100 ng/
ml), anti-Ly-6A/E mAb (D7) alone (5 pg/ml), or a combination
oGC and D7. After 24 hr, culture supernatants were harvested and
IL-2 levels were measured by ELISA. ** denotes a statistically signifi-
cant difference with a P-value < 0-01.

iNKT cells. Hence, CFSE-stained human PBMCs were
incubated with plate-bound anti-CD55 mAb alone, aGC,
or a combination of both. The iNKT cell proliferation, as
judged by CFSE dye dilution, was measured 6 days later
as an indicator of cellular activation. CD55 cross-linking
alone did not provoke proliferation by iNKT cells, but
enhanced iINKT cell proliferation in response to oGC
(Fig. 9a). This was a consistent observation for PBMCs
obtained from several donors (Fig. 9b). In control experi-
ments, a plate-bound mouse IgGl mAbD (the isotype con-
trol for anti-CD55) failed to augment the proliferative
response of «GC-stimulated iNKT cells (data not shown).
In addition to proliferation, the expression of the early
activation marker CD69 by iNKT cells was heightened
following simultaneous «GC stimulation and CD55 cross-
linking when compared with levels seen in cells treated
with «GC alone (Fig. 9¢,d). Taken together, these results
clearly indicate that when coupled with a classical TCR-
mediated activation signal, CD55 is capable of co-stimu-
lating human iNKT cell responses.

Discussion

In this study, we explored a role for GPI-anchored pro-
teins in modulation of iINKT cell responses. We demon-
strate that cross-linking of mouse Thy-1, mouse Ly-6A/E
and human CD55 results in enhanced iNKT cell
responses to oGC.

Co-stimulation is a critical requirement for priming
naive conventional T cells because triggering their TCR
by peptide: MHC complexes in the absence of a co-stim-
ulatory signal may lead to anergy rather than activation.*®
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Figure 8. CD55, but not Thy-1, is expressed on human peripheral blood invariant natural killer (iNKT) cells. Peripheral blood was collected
from healthy donors and mononuclear cells were isolated using a Ficoll-Paque gradient. Cells were stained with a FITC-conjugated anti-CD3
monoclonal antibody (mAb), allophycocyanin-conjugated human PBS-57-unloaded (control) or -loaded CDI1d tetramer, and a phycoerythrin-
conjugated anti-Thy-1 mAb (open histogram) or isotype control (filled histogram). CD3* CD1d tetramer" iNKT cells were gated on and Thy-1
expression was analysed by flow cytometry (a). Cells were stained with a FITC-conjugated anti-CD3 mAb, allophycocyanin-conjugated human
CD1d tetramer, and a phycoerythrin-conjugated anti-CD55 mAb (open histogram) or isotype control (filled histogram). CD3" CD1d tetramer”
iNKT cells were gated on and CD55 expression was analysed by flow cytometry (b). Data are representative of at least two independent experi-

ments yielding similar results.

In contrast, iNKT cells occur in a ‘pre-activated’ state and
may have a less stringent requirement for co-stimulation.
Nevertheless, several membrane-spanning cell surface
molecules with documented co-stimulatory functions
modulate iNKT cell responses. Here, we demonstrated
that the GPI-anchored protein Thy-1 can serve in the
capacity of co-stimulatory molecule for both iNKT cell
lines and primary mouse NKT cells without skewing their
responsiveness towards a Thl- or Th2-type cytokine
secretion profile. This is unlike certain other co-stimula-
tory molecules, such as CD28 and CD40 ligand, whose
ligation may result in biased cytokine secretion by iNKT
cells.””

The vast majority of hepatic NKT cells sorted based on
their co-expression of TCR f and NKI1.1 express the
invariant TCR. Furthermore, «GC used as a signal-1 stim-
ulus can only activate iINKT cells present among sorted
cells. Therefore, the observed effects on primary hepatic
NKT cells are highly likely to represent the responsiveness
of iNKT cells.

In this study, we used mouse hepatic NKT cells because
of their abundance in this organ. It is important to note
that functional differences exist between NKT cells resid-
ing in different tissues. For instance, splenic and hepatic
NKT cells exhibit distinct functions in regulation of anti-
tumour immunity.* In addition, although liver double-
negative (CD4 CD87) iNKT cells participate in tumour

© 2010 The Authors. Immunology © 2010 Blackwell Publishing Ltd, Immunology, 132, 361-375

rejection, other subsets, such as thymus-derived iNKT
cells and liver-derived CD4" iNKT cells, are far less
potent in this capacity.*’ In our experiments, CD4~ CD8~
and CD4" iNKT cell lines behaved similarly in response
to stimulation with «GC + anti-Thy-1 mAb. However, as
far as primary iNKT cells are concerned, it will be both
important and interesting to explore whether and how
cross-linking of GPI-anchored proteins such as Thy-1
may affect the activation threshold, overall responsiveness
and cytokine secretion profile of various iNKT cell subsets
in different tissues.

To provide iNKT cells with a classical TCR-based signal
1, we typically stimulated the cells with «GC, the proto-
type iNKT cell agonist that can induce both pro-inflam-
matory and anti-inflammatory cytokines. Several synthetic
analogues of «GC are capable of skewing iNKT cell
responses towards either a Thl- or Th2-type secretion
phenotype. For instance, OCH, an «GC analogue with a
substantially shorter sphingosine chain,®® and C20:2, an
oGC analogue that contains an 11,14-cis-diunsaturated
C20 fatty acid,” promote Th2 responses, whereas a C-gly-
coside analogue of «GC favours Thl responses.”> Whether
cross-linking of GPI-anchored proteins affects the cyto-
kine profile of iNKT cells concomitantly receiving a Th1-
or Th2-polarizing signal 1 warrants further investigation.

Unlike typical co-stimulatory molecules, Thy-1 cross-
linking, on its own, was also able to induce the activation
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Figure 9. CD55 cross-linking enhances T-cell receptor-mediated human invariant natural killer (iNKT) cell activation. Human peripheral blood
mononuclear cells (PBMCs) were labelled with 5 pum carboxyfluorescein succinimidyl ester (CFSE) and seeded into a 24-well plate. Some wells
contained a plate-bound anti-CD55 monoclonal antibody (mAb) and some wells received 100 ng/ml o-galactosylceramide (2GC). After 6 days of
culture, cells were harvested and stained with allophycocyanin (APC)-conjugated PBS-57-loaded human CDI1d tetramer. Using flow cytometry,
CD1d tetramer* iNKT cells were gated upon and CFSE dilution was evaluated as a measure of iNKT cell proliferation. Data are representative of
four independent experiments yielding similar results (a). The proliferative responses of human iNKT cells from four healthy donors were aver-
aged and graphed. For each donor, treatment with «GC alone served as the response control and was assigned a value of 100% for comparison
purposes. The proliferation values resulting from all other treatment groups were expressed as a percentage of the control (b). Human PBMCs
were stimulated with «GC and/or a plate-bound anti-CD55 mAb for 6 days, harvested and stained with an APC-eFluor780-conjugated anti-CD3
mADb, APC-conjugated human CD1d tetramer, and a phycoerythrin-conjugated anti-CD69 mAb (open histograms) or isotype control (filled his-
togram). CD3" CD1d tetramer® iNKT cells were gated upon and CD69 expression was evaluated as an indicator of iNKT cell activation (c).
Mean fluorescence intensity (MFI) values for each treatment group were graphed for one donor (d). Similar results were obtained for three
donors.
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of both INKT cell lines and primary NKT cells, albeit to a
lesser extent when compared with simultaneous stimula-
tion through TCR and Thy-1. This is consistent with a
dual signalling property for Thy-1, which we previously
proposed in the context of conventional T cell activa-
tion.”® Accordingly, in the absence of aGC-mediated clas-
sical TCR signalling, Thy-1 triggering can supply iNKT
cells with a ‘surrogate signal 1’. However, under the cir-
cumstances when the canonical TCR of iNKT cells pro-
vides signal 1, Thy-1 may function in the capacity of a
co-stimulatory molecule.

Several proteins have been suggested to function as a
ligand or counter-receptor for Thy-1. Mouse, rat and
human Thy-1 contain a conserved RGD-like sequence
that serves as a binding motif for integrins oyfi; and
onmPo, thereby enabling Thy-1 expressed by EL-4 thymo-
ma cells to interact with integrin f5 on astrocytes.” In
addition, Thy-1 on PMA-stimulated human dermal
microvascular endothelial cells can interact with integron
oMmf, on leucocytes, hence mediating leucocyte firm adhe-
sion to activated endothelium and promoting leucocyte
transendothelial migration.”* However, a ligand for T cell-
associated Thy-1 remains to be discovered. Therefore, we
took advantage of a stimulatory anti-Thy-1 mAb (clone
G7) to cross-link Thy-1 in our study. Thy-1 triggering by
this frequently used antibody is presumed to mimic Thy-
1 cross-linking by its putative physiological ligand.*
Although using an anti-Thy-1 mAb may not completely
represent the function of putative Thy-1 ligand, it is reas-
suring that, in cases where the ligands for GPI-anchored
proteins are known, cognate ligation of these proteins has
yielded similar results to those obtained using cross-link-
ing mAbs.”

Our understanding of Thy-1-coupled signal transduc-
tion pathway(s) is far from clear. Using a panel of
pharmacological inhibitors of intracellular signalling inter-
mediates, we previously demonstrated that Thy-1- and
TCR/CD3-associated pathways are not identical.’® At the
cell membrane level, the possibility that T and iINKT cell
activation by Thy-1 cross-linking alone may be merely the
result of Thy-1 localization within lipid rafts by virtue of
its GPI anchor does not seem likely. This is because
cross-linking some other GPI-anchored proteins (e.g.
mouse Ly-6A/E and human CD55 in this study) alone
fails to induce a similar result. Thy-1 is one of the most
heavily expressed proteins of the T cell membrane. This is
in contrast with CD55, for example, that is only present
at approximately 9000 copies per cell.”” We found that
Thy-1 is constitutively strongly expressed by mouse iNKT
cells at mean fluorescence intensity values that are much
higher than those seen for CD55 on human iNKT cells
(our unpublished data). It is therefore possible that the
anti-mouse Thy-1 mAb G7 can, by itself, cross-link a high
number of Thy-1 molecules on the surface of iINKT cells,
which is sufficient to generate an activating signal.

Role of GPl-anchored proteins in iINKT cell responses

Our findings that mouse INKT cells can be co-stimu-
lated through Thy-1 or Ly-6A/E support our hypothesis
that GPI-anchored proteins should be generally regarded
as co-stimulators of mouse iNKT cell functions. By focus-
ing on CD55, which, unlike Thy-1, is expressed by human
T and iNKT cells, we extended our findings from mouse
to human cells. Triggering CD55 led to enhanced human
iNKT cell activation in response to «GC as judged by their
increased proliferation and CD69 expression. Although
these experiments were conducted on unfractionated
PBMCs, it is important to note that PBMCS incubated
with plate-coated anti-CD55 mAb alone do not show any
signs of activation, and iINKT cells are the only aGC-
responsive population among human PBMCs. Therefore,
we can claim with confidence that our findings reflect the
functional aspects of human iNKT cells. Nevertheless, it
will be interesting to repeat these experiments with highly
pure human iNKT cell lines or clones such as those that
can be maintained and expanded by non-specific stimuli
such as phytohaemagglutinin, although such cells may not
be a true representative of intact human iNKT cells.

Although some members of the co-stimulatory machin-
ery of the immune system may have redundant functions,
it will be interesting to examine the presence and func-
tionality of iNKT cells in Thy-1-deficient mice. Endoge-
nous GPI anchor can bind CD1d and be presented to
iNKT cells,” and the ability of pathogen-derived GPI to
activate iINKT cells remains controversial.”>> Neverthe-
less, whether NKT cell development can be affected by
the absence of GPI is unknown. Deficiency of GPI-
anchored proteins, including but not restricted to CD55,
is encountered in a rare, acquired disorder of the haemat-
opoietic system called paroxysmal nocturnal haemoglo-
binuria (PNH), which results from mutations in the
phosphatidylinositol glycan complementation class A
(PIG-A) gene.* We had the opportunity to evaluate
PBMCs obtained from two patients with PNH (one
woman and one man, both in their 20s) for the presence
of CD3" CD1d-tetramer" iNKT cells. These patients had
relatively increased, rather than decreased peripheral
iNKT cell frequencies (0-28% and 0:095% of total
PBMCs, respectively) when compared with a pool of 22
healthy donors with a median iNKT cell frequency of
0-029. This suggests that endogenous GPI may not be
required for iINKT cell development in humans, although
caution needs to be exercised not only because of the
small patient sample size, but also because of the clonal
nature of PNH. In many PNH patients, unlike the pres-
ence of large numbers of GPI"/~ myeloid cells, GPI™/~
lymphocytes tend to be present in low frequencies. There-
fore, the impact of GPI deficiency on lymphocyte func-
tions cannot be definitively determined in PNH. To
overcome this obstacle in a mouse model, Bessler ef al.®!
used PIG-A™" embryonic stem cells to reconstitute
the immune system of Rag™~ mice. Although normal
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lymphocyte function was altered in these mice, the pro-
portion of CD4" and CD8" T lymphocytes was similar to
those in control animals. It will be informative to use a
similar approach for examination of iNKT cell develop-
ment and responsiveness in the complete absence of GPI-
anchored proteins.

Taken together, our results demonstrate for the first
time that triggering GPI-anchored proteins, best exempli-
fied by mouse Thy-1, mouse Ly-6A/E and human CD55,
can augment iNKT cell responses. Human and mouse
iNKT cells are functionally homologous to the extent that
human iNKT cells recognize mouse CDld and vice
versa.®” In fact, «GC has been employed not only in
experimental studies in mouse models, but also in several
clinical trials for cancer'>™"* and viral diseases.®>** Our
finding that GPI-anchored proteins enhance iNKT cell
responses to this glycolipid may therefore open new ave-
nues of investigation for iNKT cell-based immunothera-
peutic manipulation in a wide range of diseases, including
cancer and infectious diseases.
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