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Abstract

Mouse natural killer T cells with invariant Va 14 rearrangement (Va14i NKT cells) can rapidly produce both Thl and Th2 cytokines and
regulate various immune responses, such as autoimmunity and tumor immunity. In this study, we describe the phenotypical and functional
characterization of in vitro-expanded mouse Va14i NKT cells from spleen using a combination of a-galactosylceramide (a-GalCer) and IL-2.
The expanded Val4i NKT cells retained the memory/activated (CD44*CD69*CD621.7) and CD4* or CD4~8~ double negative phenotypes
but modulated or lost the classical NKT cell marker, NK1.1. The expanded Val4i NKT cells continuously released IL-4 and IFN+y and
induced NK cell IFNvy production in vitro. Furthermore, the expanded Va14i NKT cells migrated into the liver and spleen after adoptive
transfer into lymphopenic SCID mice, and they were able to rapidly produce IL-4 and IFNv after o-GalCer injection. Our findings suggest
that the intrinsic characteristics of the cytokine secretion of Val4i NKT cells were equivalent to that of in vitro-expanded Va14i NKT cells.
In vitro-expanded Va14i NKT cells are considered to be useful for NKT cell defect-related diseases, such as autoimmunity and cancer.

© 2005 Elsevier B.V. All rights reserved.

Keywords: CD1d; a-Galactosylceramide; NKT cell; Cytokine

1. Introduction

Mouse natural killer T cells with an invariant Val4-
Ja18 TCR rearrangement (Va14i NKT cells) preferentially
associate with VB8.2, VB7 or VB2 TCR, recognize gly-
colipid antigens in the context of the non-classical MHC
class I molecule CD1d [1--3], and respond strongly to a syn-
thetic glycolipid, a-galactosylceramide (a-GalCer) [1-3].
The Va14i NKT cells display a memory or activated pheno-
type (CD44"ehCD62L~CD69*) and express NK cell mark-

* Corresponding authors. Tel.: +81 3 3547 5248; fax: +81 3 3542 1836.
E-mail addresses: yikarash@gan2.ncc.go.jp (Y. Ikarashi),
hwakasug @gan2.ncc.go.jp (H. Wakasugi).
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ers, such as NK 1.1 [1-3]. A feature of Va14i NKT cells is the
rapid secretion of several immunoregulatory cytokines, such
as Thl cytokines (JFNvy) and Th2 cytokines (IL-4 and IL-
10) [1-3]. Cytokine production by Val4i NKT cells plays
an important role in various immune responses, including
autoimmunity and tumor-immunity.

Val4i NKT cells have antitumor activities [4,5]. Val4i
NKT cells exhibit direct cytotoxicity against various tumor
cell lines [6] and rapidly produce IFN+ to induce NK cell acti-
vation [7,8]. Furthermore, the administration of a-GalCer, a
specific ligand for Va14i NKT cells, prevents tumor metas-
tasis [9,10], and the antimetastatic activity of a-GalCer is
mediated by sequential production of IFN+y by Va14i NKT
cells and NK cells [11,12].
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In humans, NKT cells with invariant Va24 chains paired
with VB11 chains (Va24i NKT cells) are the counterpart
to mouse Valdi NKT cells, and they also respond to a-
GalCer and rapidly secrete IFNy and IL-4 [1-3]. Several
investigators have reported the robust expansion of human
Va24i NKT cells from peripheral blood mononuclear cells
(PBMCs) using a-GalCer plus a combination of cytokines,
such as IL-2, IL-7 and IL-15, in vitro [13-18]. a-GalCer-
loaded dendritic cells and IL-2 also can induce the expansion
of Va24™ NKT cells from PBMCs [15,18]. After culture with
«a-GalCer and cytokines, the expanded human Va24i NKT
cells retain the ability to produce IFNvy and IL-4 [15,19],
and they exhibit cytotoxic activity against tumor cell lines
[20,21]. Recent studies have revealed significant reductions
in numbers of Va24i NKT cells and deficiencies in their
proliferative responses and IFNvy production of Va24i NKT
cells in some patients with advanced cancer {22,23]. There-
fore, adoptive transfer of in vitro-expanded Va24i NKT cells
is expected to induce antitumor activities in cancer patients
with reduced circulating Va24i NKT cell numbers.

It has been reported that mouseVal4i NKT cells also
respond to a-GalCer by proliferating in vitro {1-3]. However,
little is known regarding the function and phenotype of in
vitro-expanded Va14i NKT cells because hitherto there was
no appropriate marker to identify these cells. In this study,
we used CD1d/a-GalCer tetramer to monitor Val4i NKT
cells. We demonstrate that splenic Va14i NKT cells can be
expanded up to 8-fold after 4 days of culture with @-GalCer
and IL-2. In vitro-expanded Va14i NKT cells migrate to the
liver and spleen of recipient mice and produce IFNvy and IL-4
in vivo after administration of a-GalCer.

2. Material and methods
2.1. Mice

Female C57BL/6N mice, BALB/cAnN mice and C.B-
17/Icr SCID mice were purchased from Charles River Japan
Inc. (Kanagawa, Japan). All mice were used at 8—12 weeks of
age and maintained in our facilities. Animal studies were per-
formed according to guidelines from the animal experimental
ethics committee.

2.2. Cell culture

Spleen, liver, thymus and bone marrow mononuclear
cells were prepared as previously described [24]. Mononu-
clear cells (1 x 10° cells/ml) were cultured in 7 ml of RPMI
1640 medium (Invitrogen Corp., Carlsbad, CA) supple-
mented with 8% fetal calf serum (JRH Biosciences, Lenexa,
KS), 5 x 1075 M 2-mercaptoethanol (Sigma—Aldrich, Saint
Louis, MO), 2mM L-glutamine (Invitrogen), | mM sodium
pyruvate (Invitrogen), 0.1 mM non-essential amino acids
(Invitrogen), 100U/ml penicillin and 100 pg/ml strepto-
mycin (Invitrogen) in 25cm? culture flask (Greiner Bio-

One GmbH, Germany). a-GalCer (50 ng/ml; Pharmaceutical
Research Laboratory, Kirin Brewery, Gunma, Japan) and/or
recombinant human IL-2 (1001U/ml; Takeda Chemical Ind.
Ltd., Osaka, Japan) were added to the culture. On day 4,
non- and semi-adherent cells were harvested, spun down and
resuspended in the medium. The cells (5 x 10° cells/ml) were
cultured in 7 ml of the medium in the presence of a-GalCer
and/or IL-2 for an additional 2 days.

2.3. Flow cytometry

The surface phenotype of cells was determined by multi-
color flow cytometry as previously described [24]. Before
staining cells with mAb, cells were pre-incubated with anti-
CD16/32 (clone 2.4G2) to block non-specific FcRy binding.
The following antibodies were used in this study: FITC-
or PE-conjugated anti-CD3 (clone 145-2C11) or anti-CD24
(clone M1/69), PE-conjugated anti-NK1.1 (clone PK136),
anti-CD69 (clone H1.2F3), or anti-IL-2Rf (clone TM-B1),
and APC-conjugated mouse CD1d tetramers loaded with
a-GalCer (CD1d/a-GalCer tetramers). Stained cells were
analyzed using a FACSCalibur equipped with CELLQuest
software (BD Biosciences, San Jose, CA). Dead cells were
excluded by propidium iodide staining and electronic gating.
The data were processed with Flow Jo software (Tree Star,
San Carlos, CA). For intracellular staining, cells were stimu-
lated for 2 h with 25 ng/ml PMA and 1 pg/mlionomycin. The
cells were then washed and incubated with anti-CD16/32,
stained with PE-conjugated a-GalCer/CD1d tetramers, per-
meabilized with Cytofix/Cytoperm (BD PharMingen), and
stained with APC-conjugated anti-1L-4 (clone 11B11), IFNy
(clone XMG1.2), or rat IgG1 isotype control (clone R3-34).
The stained cells were analyzed using a FACSCalibur. All
mAbs were purchased from BD PharMingen. PE- or APC-
conjugated CD1d/a-GalCer tetramers were prepared in a
baculovirus expression system as previously described [25].
Mouse CD1d/p2-microglobulin expression vector was pro-
vided by Dr. M. Kronenberg (La Jolla Institute for Allergy
and Immunology, San Diego, CA).

2.4. Cytokine levels

Culture supernatants were collected following 1, 4, or 6
days of culture and stored at —20 °C before analysis. IFNvy
and IL.-4 concentrations in culture supernatants were deter-
mined by ELISA kits (OptEIA ELISA set; BD PharMingen).

2.5. Adoptive transfer of in.vitro-expanded Vo l4i NKT
cells

Spleen cells from BALB/cAnN mice were culture in the
presence of a-GalCer and IL-2 for 4 days. The cultured spleen
cells containing expanded Va14i NKT cells (2 x 107) were
transferred i.v. to C.B-17/Icr SCID mice. The recipient mice
were killed on day 7 after cell transfer, and the percentage of
CD1d/a-GalCer tetramer™ cells in the spleen and liver were
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determined by flow cytometry. The serum levels of IEN+y and
IL-4 in mice injected with cultured cells 7 days earlier were
analyzed at 0, 4, and 10h after i.p. injection of a-GalCer

(2 pg).

3. Results
3.1. Expansion of mouse Val4i NKT cells in vitro

Consistent with previous results [25,26], we observed that
1.2% of freshly isolated spleen cells comprised Va14i NKT
cells (Fig. 1A). When spleen cells were cultured in the pres-
ence of 50 ng/ml a-GalCer, the percentage and absolute num-
ber of Va14i NKT cells increased to 6.7% and 8-fold, respec-
tively, after 4 days culture (Fig. 1). a-GalCer-induced human
Va24*VB11* NKT cell expansion can be potentiated by IL-
2,1L-7, or IL-15 [13—18]. To examine whether IL-2 augments
mouse Va14i NKT cell expansion by a-GalCer, spleen cells
were cultured in the presence of a-GalCer and 100 U/ml IL-
2. Val4i NKT cells were more vigorously expanded when
cultured with a-GalCer and IL-2 as compared with a-GalCer
alone. IL-15 also enhanced a-GalCer-induced Va14i NKT
cell expansion (data not shown). Va14i NKT cell expansion
peaked after 4 days of culture with a-GalCer alone, whereas
IL-2 prolonged Va14i NKT cell expansion by a-GalCer past
4 days in culture (Fig. 1B). Furthermore, Va14i NKT cells
in thymus, liver, and bone marrow could be expanded in the

Fresh

o-GalCer

iL-2
+0-GalCer

presence of a-GalCer and IL-2 (data not shown). However,
Va14i NKT cells were not expanded in the presence of 1L-2
alone (Fig. 1). It should be noted that in vitro expansion of
Val4i NKT cells is dependent on a-GalCer.

NK1.1* T cells, which are classical NKT cells, increased
to around 5-fold after 4 days culture in the presence of
IL-2 with or without a-GalCer (Fig. 1). Furthermore, they
increased to around 20-fold after 6 days culture. Like NK1.1*
T cells, NK cells expanded in the presence of IL-2. Thus, the
expansion of NK1.1* T cells and NK cells is dependent on
IL-2 but not a-GalCer.

3.2. Phenotypes of in vitro-expanded Vo 14i NKT cells

Because the expansion of Va14i NKT cells and NK1.1* T
cells was dependent on a-GalCer and IL-2, respectively, we
next examined whether the Va14i NKT cells were identical
to NK1.1* NKT cells after culture with a-GalCer and IL-2.
Consistent with previous studies [25,26], half of NK1.1* T
cells were CD1d/a-GalCer tetramer™ cells and around 70%
of Va14i NKT cells expressed NK1.1 in the spleen (Fig. 2A).
However, after culture, almost all Val4i NKT cells lost
expression of NK1.1. Our results indicate that the expanded
Valdi NKT cells are distinct from the expanded NK1.1* T
cells following in vitro culture.

We analyzed the phenotype of the expanded Va14i NKT
cells as compared with fresh Va14i NKT cells. As shown in
Fig. 2B, the expanded Va14i NKT cells maintained memory

After culture

- B8.7%

tetramer -»

- 15.7%

(A) €D3

Vol4i NKT cell
30

20

10

NK1.1+T cell

NK cell A 12
+o-GalCer

—&—iL-2

—f—oa-GalCer

Fig. 1. In vitro expansion of Va14i NKT cells. (A) C57BL/6 mice spleen cells (7 x 105) were cultured with 50 ng/ml a-GalCer, a-GalCer plus 100 U/ml IL-2,
or IL-2 for 4 days. The percentages of Val4i NKT cells, NK cells, and NK1.1* T cells were determined. Fresh and cultured cells were stained with mAbs
and CD1d/a-GalCer tetramer and analyzed by flow cytometry. The fluorescence profiles are representative of at least five independent experiments. (B) The
fold increase in Va14i NKT cells after culture with TL.-2 plus «-GalCer (4), [L.-2 alone (¢), or a-GalCer alone (B) was calculated from cell counts and flow

cytometric data. Data are means obtained from three mice per point.
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Control IL-2

+o-GalCer

o-GalCer

7%

(A) tetramer

ch4 cD8 cD44

CDe® CDo62L CD122

Fig. 2. Phenotype of in vitro-expanded Va14i NKT cells. (A) NK1.1 expression in in vitro-expanded Vo 4i NKT cells was examined after 4 days culture.
Fresh and cultured cells were stained with CD1d/a-GalCer tetramer, anti-CD3, and anti-NK1.1 mAb. The cells were analyzed by flow cytometry and gated
on CD3-positive cells. The fluorescence profiles are representative of at least five independent experiments. (B) The surface marker expression of fresh and
expanded Val4i NKT cells was compared by flow cytometry. Histogram panels are gated on CD1d/a-GalCer tetramer* CD3* cells. Shadow histograms
indicate non-stained controls. The fluorescence profiles are representative of at least three independent experiments.

or activated phenotypes (CD448'CD621.~ CD69*) whereas
the expression of IL-2RB was down-regulated. Similar to
fresh Valdi NKT cells, the expanded Valdi NKT cells
consisted of CD4* and CD4~CD8™ double negative sub-
sets (Fig. 2B). In addition, some expanded Va14i NKT cells
maintained CD94 expression and down-regulated NKG2D,
although some fresh Va14i NKT cells express NK receptors,
such as CD94 and NKG2D (data not shown). These results
indicate that expanded Va14i NKT cells maintain the mem-
ory or activated phenotypes but modulate the expression of
NK celi-related molecules.

3.3. Invitro-expanded Vo 14i NKT cells retain the ability
to produce cytokines

It has been reported that a-GalCer induces rapid activation
of Va14i NKT cells and a burst of 11.-4 and IFNvy secretion
in vivo and in vitro [8-10]. Therefore, we examined the abil-
ity of expanded Va14i NKT cells to secrete IL-4 and IFNy.
First, we analyzed IL-4 and IFNY levels in the supernatants of
spleen cells cultured with o-GalCer and/or IL-2 (Fig. 3A). We
detected a larger amount of 1L.-4 and IFNy in the supernatant
when cultured in the presence of a-GalCer. Furthermore,
the addition of IL-2 to the culture with a-GalCer slightly
enhanced the production of IL-4 and IFNwy. No IL-4 and a
low amount of IFNy were detected when spleen cells were
cultured with IL-2 alone.

Next, we used intracellular cytokine staining to determine
if expanded Va14i NKT cells directly secrete IL.-4 and IFNvy
in vitro (Fig. 3B). IL-4 producing cells comprised mainly
expanded Val4i NKT cells. Seventy percent of expanded

Val14i NKT cells contained intracellular IFN+y. These results
suggest that expanded Va14i NKT cells retain the ability to
produce cytokines in vitro. In addition to expanded Vo l4i
NKT cells, 70% of CD1d/a-GalCer tetramer— T cells and
40% of CD1d/o-GalCer tetramer~ CD3~ cells were also
positive for intracellular IFN+. The IFNvy producing CD1d/a-
GalCer tetramer— CD3 ™ cells were mainly NK cells but not
B cells (data not shown). It should be noted that NK cells
and some T cells acquired the ability to produce IFN-y when
cultured with a-GalCer and IL-2 but not IL-2 alone.

3.4. Invivo survival and cytokine production of
expanded Val4i NKT cells after adoptive transfer

We examined the ability of expanded Val4i NKT cells
to survive and migrate to peripheral tissues after adop-
tive transfer. Spleen cells cultured with a-GalCer and IL-2
were transferred into lymphopenic SCID mice. Seven days
after transfer, the mice were killed and the CD1d/a-GalCer
tetramer™ cells in the liver and spleen were analyzed. As
shown in Fig. 4, around 7% of hepatic mononuclear cells
were CD1d/a-GalCer tetramer™ T cells. The percentage of
CD1d/a-GalCer tetramer™ cells in the spleen was equal to
that observed in normal mice (Figs. 1A and 4). Although
it has been known that Va14i NKT cells are abundant in
bone marrow in normal mice, we observed very few CD1d/a-
GalCer tetramer™ cells in bone marrow (data not shown). The
expanded Val4i NKT cells were detected at least 3 weeks
after transfer (data not shown). There were no differences in
the phenotype of in vitro-expanded Va14i NKT cells before
and after transfer into SCID mice.
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Fig. 3. Cytokine production profile of Va14i NKT cells, NK cells, and NK1.1* T cells after culture. (A) Spleen cells (7 x 105) from C57BL/6 mice were
cultured with 50 ng/ml a-GalCer, a-GalCer plus 100 U/ml IL-2, or IL-2 for 4 and 6 days. IFIN'y and IL-4 in the supernatants were measured by ELISA. Data
are representative of three independent experiments. (B) Intraceltular cytokine staining for IFN'y and IL-4 in spleen cells cultured with a-GalCer and IL-2 for
4 days. The cultured cells were stimulated with PMA and ionomycine for 2 h. Then, the cells were stained with CD1d/a-GalCer tetramer, anti-CD3 mAb, and
anti-IL.-4, IFNw, or isotype control mAb and analyzed by flow cytometry. Histogram panels are on CD1d/a-GalCer tetramert CD3* cells (Va14i NKT cells),
CD1d/a-GalCer tetramer™ CD3* cells (including NK1.1* T cells), or CD1d/a-GalCer tetramer~ CD3 ™ cells (inctuding NK cells). Closed histograms indicate
isotype controls. The fluorescence profiles are representative of three independent experiments.

Next, we examined the ability of the adoptively trans-
ferred, in vitro-expanded Va14i NKT cells, to secrete IL-4
and IFNv after administration of a-GalCer. Seven days after
cell transfer, the mice were injected with 2 pg of a-GalCer.

Control 7 days
after transfer
A
Liver
Lo
@
Spleen E
8

Fig. 4. Migration of in vitro-expanded Va14i NKT celis after adoptive
transfer. Spleen cells from BALB/c mice were cultured with a-GalCer plus
100 U/ml IL-2 for 4 days. The cultured cells (2 x 107) were injected into
C.B-17/Icr SCID mice. Recipient mice were killed after 7 days, and the
presence of transferred Va14i NKT cells in the liver and spleen was deter-
mined by flow cytometry. The fluorescence profiles are representative of
three independent experiments.

The serum levels of IL-4 and IFNy were analyzed by ELISA.
Four hours after the a-GalCer injection, IL-4 and IFNy were
detected in the serum of mice that had received cultured cells
(Fig. 5A). One hour after a-GalCer administration, intra-
cellular cytokine staining for CD1d/a-GalCer tetramer* T
cells in the spleen revealed that intracellular I1.-4 and IFNvy
were detected in 50 and 30% of CD1d/a-GalCer tetramer*
T cells, respectively (Fig. 5B). These results indicate that
the expanded Valdi NKT cells re-exposed to a-GalCer
retain the ability to produce I1.-4 and IFNvy after adoptive
transfer.

It has been reported that increased IFNy levels in the serum
of normal mice 10-16 h after a-GalCer injection were due to
IFNvy production by NK cells [11]. However, 10h after the
a-GalCer injection, the IFNvy level was decreased in the mice
that had previously received the cultured cells. Therefore, the
in vitro-expanded Vo141 NKT cells could not induce NK cell
IFN-w production in vivo. Previous reports have demonstrated
that diminished IFNy levels in the serum of o-GalCer-primed
mice were caused by a failure of NK cell IFN+y production
after a-GalCer re-injection [27]. Thus, the in vitro-expanded
Val4i NKT cells might be similar to primed Val4i NKT
cells.

4. Discussion
NKT cells play an important role in various immune

responses, including autoimmunity and tumor immunity
[1-3]. The administration of «-GalCer, a specific ligand
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Fig. 5. IFN+y and IL-4 production of in vitro-expanded Va14i NKT cells after adoptive transfer. Spleen cells from BALB/c mice were cultured with a-GalCer
plus 100 U/ml IL-2 for 4 days. The cultured cells (2 x 107) were injected into C.B-17/Icr SCID mice. (A) Serum IFNy and IL-4 levels. Seven days after the cells
were injected, the serum cytokine levels were analyzed 0, 4, and 10h after i.p. injection of a-GalCer. Data were obtained from S to 7 mice. (B) Intracellular
cytokine staining of splenocytes 2 h after i.p. injection of a-GalCer (2 g) in mice injected with cultured cells (2 x 107) 7 days earlier. Cells were stained
with CD1d/a-GalCer tetramer and anti-IL-4, IFNw, or isotype control mAb. Stained cells were analyzed by flow cytometry. The fluorescence profiles are

representative of three independent experiments.

for Val4i NKT cells, prevents tumor metastasis [9,10]
and autoimmune disease [28-30]. Moreover, the adoptive
transfer of NKT cells in mice prevents type 1 autoimmune
diabetes [31] and tumor metastasis [12,32]. These studies
suggest several possible therapeutic applications for adoptive
immune therapy with NKT cells. However, it is apparent
that the frequency of NKT cells is very low in human blood.
Therefore, in vitro NKT cell expansion is required for
adoptive immunotherapy with these cells. In this study, we
found that in vitro-expanded Va14i NKT cells are able to
migrate into liver and spleen, and produce cytokines after
adoptive transfer.

Human Vo24*VB11* T cells in peripheral blood mononu-
clear cells expand in vitro using a-GalCer and IL-2, IL.-7, or
IL-15 [13-19], and mouse Val4i NKT cells also prolifer-
ate in the presence of a-GalCer in vitro [1-3]. However, the
function and phenotype of in vitro-expanded Va14i NKT
cells have not been well characterized because there is no
appropriate marker to identify these cells. In previous studies,
NKT cells have been identified as NK1.17 T cells. However,
some Val4i NKT cells do not express NK1.1 [25,26], and
Valdi NKT cells lose or down-regulate the expression of
NK1.11invivo after stimulation [33,34]. Therefore, the NK1.1

marker is not expressed on Va14i NKT cells after stimula-
tion. We could detect in vitro-expanded Vo 14i NKT cells by
CD1d/a-GalCer tetramer. However, an issue with CD1d/a-
GalCer tetramer staining is that the surface expression of
Val4i NKT cells is also down-regulated at 8-12 h after -
GalCer-stimulation [33,34]. Although their TCR expression
was recovered to normal levels at 24-48 h [33,34], it is not
an issue is whether the numbers of in vitro-expanded Va14i
NKT cells (at 4 and 6 days after culture) is an underestimate
of the actual number. These in vitro-expanded Va14i NKT
cells in the presence of a-GalCer do not express NK1.1. It
has been rteported that NK1.1~ CD1d/a-GalCer tetramer™
T cells exist in normal mice and that some of these cells
are immature NKT cells that have recently emigrated from
the thymus [35,36]. However, recent studies have shown that
expanded NK1.1~ Va14i NKT cells originate from NK1.1*
Valdi NKT cells that down-regulate their surface NK1.1
expression [33,34]. We considered two possibilities for the
origin of in vitro-expanded Val4i NKT cells: expansion
of NK1.1 down-regulated NKT cells and/or expansion of
NK1.17 precursor NKT cells. We observed that some Vou14i
NKT cells expanded when NK1.17 spleen cells were cul-
tured (data not shown). Therefore, we concluded that both
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NK1.1* and NK1.1~ NKT cells expand after in vitro o-
GalCer-stimulation.

Previous studies demonstrated that mouse and human
invariant NKT cells could produce both Thl and Th2
cytokines [1-3]. Furthermore, it was reported that adult
Va24* VB11+ NKT cells did not polarize into Th1 or Th2
after expansion [37]. However, NKT cells display polariza-
tion induced by type 1 or 2 dendritic cells {19]. Th1 or Th2
polarization of NKT cells is believed to be influenced by
culture environment, such as the type of dendritic cell. We
showed that in vitro-expanded Vo141 NKT cells continuously
produced both IL-4 and IFNv and did not polarize into Th1-
or Th2-type. By contrast, a previous study has demonstrated
that the robust expanded Va14i NKT cells (after a-GalCer
administration) continue to produce IFNy in vivo [34]. This
suggests that in vivo-expanded Val4i NKT cells favor Thl
polarization. In contrast to in vivo-expanded Val4i NKT
cells, in vitro-expanded Vo141 NKT cells might remain con-
tinually activated and produce both IFN+y and IL-4 because
they are continually exposed to a-GalCer in the culture con-
ditions. Indeed, in the expansion phase of Va14i NKT cells
(after a-GalCer injection), these Val4i NKT cells had the
ability to secrete large amounts of both cytokines when re-
injected with a-GalCer (Ikarashi et al., unpublished data).

In addition to the IFN+y production by in vitro-expanded
Val4i NKT cells, we showed that NK cells and NK1.1* T
cells acquired the ability to produce IFN+y when cultured with
a-GalCer and IL-2. IL-2 alone could induce the proliferation,
but not IFN+y production, by NK cells and NK1.1* T cells in
vitro. Our results indicate that «-GalCer-induced Vo 14i NKT
cell activation leads to IFNvy production of NK and NK1.1*
T cells in vitro. Previous in vivo studies have demonstrated
rapid cytokine production by Va14i NKT cells in response
to a-GalCer triggered activation and IFNy production by NK
cells [7,8], and bystander activation by conventional T cells
and B cells [38,39]. Taken together, the mechanisms of NK
cell activation by Va14i NKT cells in vitro might be similar
to the in vivo mechanisms.

Val4i NKT cells have been known to regulate immune
responses [1-3]. In fact, previous studies have shown that
adoptive transfer of thymic NKT cells prevented type I dia-
betes in NOD mice in an II.-4- and IL-10-dependent man-
ner (T helper 2) [31]. Furthermore, hepatic metastasis of
B16 melanoma was prevented by adoptive transfer of IL-12-
activated Va14i NKT cells from Va14 TCR transgenic mice
[32]. These observations indicate that adoptive Va14i NKT
cell immunotherapy is useful for autoimmune diabetes and
cancer. However, important questions remain as to whether
in vitro-expanded Va14i NKT cells can survive in the recip-
ients and maintain the ability to produce IFNvy and IL-4 after
transfer, similar to resident Val4i NKT cells. A previous
study demonstrated that fresh mouse Va14i thymocytes pro-
liferated and survived in an IL-15-dependent manner after
adoptive transfer into lymphopenic mice [40]. We found that
in vitro-expanded Va14i NKT cells survived and dominantly
migrated into the liver of lymphopenic mice. Furthermore,

we revealed that in vitro-expanded V141 NKT cells 7 days
after transfer could respond to a-GalCer and secrete IL-4
and IFNw after administration of a-GalCer. However, IFNvy
production patterns of lymphopenic mice transferred with in
vitro-expanded Va14i NKT cells after administration of a-
GalCer were similar to those of a-GalCer-primed mice, as
reported previously [27].

Previous studies have demonstrated that the antitumor
effect of a-GalCer is mediated by Va14i NKT cells [9-12]
and that the IFNy production by Va14i NKT cells and the
subsequent IFNvy production by NK cells are critical for a-
GalCer to mediate antitumor activity [11,12]. Although it
appears that a-GalCer-based immunotherapy is useful for
cancer, treatment with a-GalCer has shown little therapeutic
effect in patients with solid tumors [41]. For these reasons,
it has been proposed that human Va24i NKT cells from
cancer patients have impaired proliferative responses to a-
GalCer and have lost the ability to produce IFNy [22,23]. We
believe that adoptive Va24i NKT cell therapy may be bene-
ficial for cancer patients. Further studies are needed to clarify
the mechanism and clinical applicability of in vitro-expanded
Va24i NKT cell therapy in cancer.
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FaRA&Z o4 —nen) BEFRLE ORI OER L., JBRAICTEET DM
A7 A FOBEIL, LCMSMS ZAWTEESITTRE L, ZORR, TAMRT o
17aM, =R R T U=/ 20nM &5 KO ICHBRNOBENRE o7, BEHEHS v T
BIBEENOT A MATOLVRTA b T VA —/V OB 520 0M OEZR L, fLFOT R
AT o VBEIIEEBETERICREZOT, MPFDRT oA FOFLEETDR, E72LL
MR T CBRIEEIT, D& R OHEBICHEERENNEL, IbLERLVEVEERK
L. RLBMRLVELE2ET 5D, P450arom KO mouse 23 Cik wild mouse & V£ < D%
HARNVEVEEELTVDEWD | REBREAZ D> TET,

B BRIV CAREIT ) BERRIL, FERE OFUEHEMBEY AL Western Blot 1255
RIE AT/ -7, SAR, F k7 1 I P4S0sce, PA50(170), P4SOarom 72 ¥ OEEFTE H13
CA1,CA3 IO SRS & DG SO BRI REL TW e, IEDFELR
v 5a-reductase, 178-HSD, 3p-HSD 72 £i%, RT-PCR IZ L 2E£5% D mRNA DREEF#IT> T
ZOHEEE RO, INEOBEREOFERIIBIBRECHERD 500 p0—REL, T
ESVENoT, LD LIEORSWERE L RRD, BE CIIRE—0OEAPLIEFTH
FTECETIZER VW ERE XD L, 500 3 D—DETHL S THD EBbihvd, NoWasE
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DEHICATOA FEMRFICHE L CEMAIRRIZEZEISE D &V D, NOWEREZIT
HBEI2WOD B TH D,

B2, LR AT 1A FEREER P450(17a), P450arom &, EFHEMBELH VW TE&an
A RGEFERREBELBETH I & THRAER, CALCA3 O#EM ML L DG OER
A DS F T AEDICEEL TWA I EERR Lz, Zhid, AT aA FREEE
BT 28Ry T 7 A TR ERENA Z EEZR LTINS,

(oA ba P URE/E - T T ARERRE]

BHALUNTREZ 2REVRBERICHE S RITTZMERVE S OERITAIE, B
PR ST RAHEET DA I Y U RBETHD ETFRLT, REITo, RO
FRIIZA R T VA= NVOERAEZRE L ZITHD, RISHAIZ, RERT v F THEROH
RHRRICB VTR b F UBREENEFET D &V D FAMRIERS o7z, Bbinng
VHE—ma—aIlnA D UT ERaDFERIGHAD HiLd LW MENRL,  FHxld
FERHEREIC W THLIERE 2 R72T. BOLWIT N F I VBRI T DFE L #T 2
Tofe, TOFRHR, IhE THRFCHEMAINTEELR ERoDFE (Hl21X MC-20
FLILE) 13, FAFUEE2 2 E0FMEE LTERINTEY, IR TH TLe
T 5L 67kDa D ERAUIFIGT D03, MBS - KIMEH « /N7 £ D ERa 6D TA 72 WER L
TiE, ERa & D EL R, RRIEOEBRICHES L TLE D &5 FEESE | Western Blot X
ERaKO~ 7 2 % FAVVTH R Lo, MC-20 1ZERaKO~ 7 2 T H[F U62kDa /3 RIZKET 5,
o TINETRBREINTNDEEL ORmIL, BERAT A AOMBGE, LEE K
SREIER HBE L BRI 22 & CLBRaD A ICE L CEZIR BV E A TV D, Fik
iET R b s o RER ERaDOF LW EHBRBRIFIAR RC-19 272 IC/ER T2 2 & ¢, M
BRI T X 72, RC-19 Hifk%& AV 5 & ERoid CA1-CA3 DRI & DG O FERIfH R
R ASTT D Z LR EN T, BFEMEIC L 2B RADHT 21T > T, #iF
TR & BRI MR D o 7 ARTED - 280 & BZIZ ERaDSENICREL TWD Z L& %
R LT, Zhid, =& MT A=V EBERVEVPMERT BB ENMR LT 7 RE
ETDHZEERLTND,

[Bco=x buy 1R

RS F 7 RARTE - SR B OBEERNVE VI L AEEL, 7 X B ERaICEER
w%y@5171/—»A&mm%ym%»z%wxzhu—wmm)k@ﬁ@ﬁ?é#
REZDEHELT, BEREBRLAR NS VT EIToT, BRESAVE VI, BB AS
T\M;%ﬁ¢607yh%%w@¢ TYEALTZ BPA I, 30 40 1 BEEIRR B CRk vk RS
FRZ B CTIEICREAT 95 Z L 25, CREST WA D H A F — LD ECHRA ST
BILTHD, MK A-BREFRLVE T, BYREHBER/ED CThhnid, R
NI NWEEZBbID, THEORERNL, Bar ACHABMOMIZ, REFRLEUDE
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