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Introduction

Summary

CD1d-restricted invariant natural killer T (iNK T) cells activated by their
experimental ligand oi-galactosylceramide (a-GC) can produce both T helper
1 (Th1) and Th2 cytokines and display regulatory functions. Recent studies
identified CD4* and CD4~ CD8" double-negative (DN) iNK T cells as the two
major components of the human population and suggest that they display a
Th2 and a Th1 profile, respectively. We compared the Th2-promoting activity
of freshly isolated human CD4* and DN iNK T cells in terms of their capacity
to induce Ig production by autologous B cells. Secretion of IgG and IgE but
not IgM was enhanced by the CD4* T cell subset (including iNK T cells) but
not by its DN counterpart. iINK T cells were directly responsible for this
pro-Th2 effect, as demonstrated by the requirement for both a-GC stimula-
tion and CD1d presentation, as well as by its disappearance upon iNK T cell
depletion. Interaction with iNK T cells led to progressive accumulation of
isotype-switched and activated B cells. Myeloid dendritic cells (DC) com-
pletely block the induction of Ig production in co-culture. This dominant
inhibitory effect of myeloid DC was concomitant with a specific loss of inter-
leukin (IL)-4 production by CD4* iNK T but not by conventional T cells.
These data support the conclusion that, conversely to the interferon (IFN)-y-
producing DN human iNK T cell population, interleukin (IL)-4-producing
CD4" iNK T cells can activate and help B cells to produce both IgG and IgE
through a CD1d-dependent mechanism, in keeping with a functional Th1/
Th2 dichotomy between these subsets.

Keywords: B cells, dendritic cells, human studies, immunoglobulins, iNK T
cells

achieve in vitro expansion of iNK T cells from peripheral
blood mononuclear cells (PBMC). In contrast to conven-

Invariant natural killer T (INKT) cells are a distinct
subpopulation of /B T cells, which co-express activated/
memory and NK markers and appear to be involved in
several disease conditions [1-3]. They express a conserved
canonical T cell receptor (TCR) (Vol4Jol8-VPB8 in the
mouse and Vo24Jo18-VB11 in the human), and are
restricted by the major histocompatibility complex (MHC)
class I-like antigen-presenting molecule CD1d [4,5]. Most
mouse Val4® and human Vo24* CD1d-restricted T cells
have been found to respond strongly to CD1d-mediated
presentation of o-galactosylceramide (a-GC), an unusual
glycosphingolipid derived from a marine sponge [6,7]. Not-
withstanding the recent identification of natural antigens
recognized by iNK T cells [8-10], 0-GC is used usually to
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tional T helper 1 (Th1) and Th2 cells, iNK T cells show no
restricted cytokine production profile and generate both Th1
and Th2 cytokines after stimulation by anti-TCR of or
o-GC [6,11].

It is generally believed that the capacity to produce Thl
and Th2 cytokines promptly in large amounts upon TCR
engagement endows iNK T cells with regulatory functions
during the immune response. The implication of iNK T cells
in the outcome of various disease conditions such as autoim-
mune diabetes [12,13], infections [14,15] and tumour
growth [16-18] is consistent with this idea. However, it is
unclear whether effector functions of iNK T cells influence
adaptive immune responses towards a type 1 or type 2
differentiation. Early investigations have suggested that
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iNK T cells come into play early during the onset of the
immune response to produce the interleukin (IL)-4 needed
for the development of Th2 response. Three studies have
shown that repeated a-GC injections allowed increased IgE
production in the context of a global Th2 switch of the
immune response [19-21]. Nevertheless, other investigators
reported normal levels of antigen-specific IgE in iNK T-
deficient mice [22]. Cui et al. [23] reported that iNK T cells
activated by their cognate ligand a-GC could exert a potent
inhibitory effect on Th2 cell differentiation and subsequent
IgE production by producing large amounts of interferon
(IEN)-7. In the latter case, the authors assigned a major role
to myeloid dendritic cells (DC), which are able to polarize
iNK T cells towards a Th1 profile [24]. Indeed, this cross-talk
between myeloid DC and iNK T cells promoted a Th1 dif-
ferentiation of conventional T cells [23].

Because most mouse and human B cells express CD1d
[25], a relevant question is whether iNK T cells can directly
activate B cell functions. Attempts to demonstrate the CD1d-
dependent antibody responses have produced conflicting
results in mice [19,20,23]. By addressing this question in
humans, Galli ef al. [26] demonstrated recently that iNK T
cells promote proliferation of memory and naive B lympho-
cytes together with IgG and IgM production while, surpris-
ingly, IgE production is not affected. Whether this finding
was due to the use of a panel of iNK T cell clones instead of
freshly isolated iNK T cells is still unresolved. In the same
line of evidence, it should be stressed that the CD4* and DN
iNK T cell clones generated by these authors did not differ in
terms of cytokine production profile. This latter finding con-
trasts with those of Gumperz et al. [27] and Lee et al. [28],
who showed that freshly isolated human CD4" iNK T cells
produce Th2 cytokines, whereas their DN counterpart dis-
plays a strict Th1 profile.

In the present study, starting with freshly isolated iNK T
cells, we were capable to confirm the Th1/Th2 dichotomy in
term of cytokine production between CD4* and DN iNK T
cells. Based on these data, we hypothesized that these phe-
notypic differences might reflect distinct functional capaci-
ties in terms of B cell activation, including the amount and
the isotype of the antibodies produced. We thus co-cultured
T cell preparations containing either CD4*or DN iNK T cells
with B cells loaded with a-GC and evaluated the effect on Ig
production. We found that the CD4" and not the DN iNK T
cell subset induced both IgG and IgE production upon expo-
sure to 0-GC and further examined whether myeloid DC
could control this helper function.

Materials and methods

Preparation of primary human lymphocytes and
myeloid DC

Human venous blood samples were drawn from healthy
volunteer donors. PBMC were isolated by Ficoll (Biochrom
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KG, Berlin, Germany) centrifugation and depleted in
monocytes prior to further cell purification using anti-
CD14-coated magnetic microbeads and VarioMACS® sepa-
ration columns according to the manufacturer’s protocol
(Miltenyi Biotec, Bergisch Gladbach, Germany). CD19* B
cells were purified by magnetic cell separation using CD19
microbeads (Miltenyi Biotech) and CD4" cells were selected
positively using CD4-conjugated magnetic microbeads.
CD8" cells were depleted magnetically from remaining cells
by CD8 microbeads to obtain DN cells. Cell fractions were
>95% pure by flow cytometry analysis (see below). In
some cases, V024" cells were removed from CD4" cells after
staining with anti-Voa24 fluorescein isothiocyanate (FITC)-
conjugated monoclonal antibody (MoAb) followed by anti-
FITC microbeads.

Myeloid DC were derived from purified CD14" monocytes
cultured for 72 h in RPMI-1640 Glutamax medium (Gisco,
Paisley, Scotland, UK) supplemented with 10% heat-
inactivated fetal calf serum (FCS) (Sigma-Aldrich, St Louis,
MO, USA), 100 IU/ml penicillin and 100 pg/ml streptomycin
(GiBco) containing 50 ng/ml granulocyte—macrophage-
colony-stimulating factor (GM-CSF) (Schering-Plough,
Levallois-Peret, France) and 10 ng/ml IL-4 (Sanofi, Toulouse,
France). Maturation of myeloid DC was assessed by cytomet-
ric analysis of CD80, CD86, CD11¢, CD1¢, CD14 and human
leucocyte antigen-D related (HLA-DR) expression. Mature
myeloid DC were generated by further exposure to 1 pg/ml
lipopolysaccharide (LPS) (from Escherichia coli 026:B6,
Sigma-Aldrich) or 2-5ug/ml anti-CD40 MoAb (clone
mADb89) for 18 h.

Cell cultures

Co-cultures were performed in humidified 5% CO, at 37°C
in 96-well round-bottomed microplates (Nunc, Roskilde,
Denmark), generally at a ratio of 15 x 10* CD4" or DN cells
for 5x10* B cells and/or 5x10* myeloid DC per well
(200 pl final volume), in quadruplicate to sextuplicate, in
the presence of IL-2 (10 ng/ml, Sanofi) or IL-7 (35 ng/ml,
Sanofi). B cells and myeloid DC were pulsed or not with
a-GC (Kirin Brewery, Gunma, Japan, 100 ng/ml) for 18 h
and washed by centrifugation with culture medium
prior to co-culture. In control experiments, the blocking
anti-CD1d MoAb (clone 20H2, 20 pg/ml) was added simu-
Itaneously to B cells and/or myeloid DC. In some experi-
ments, co-cultures were performed with purified B cells
that were preincubated for 18 h with the superantigen
TSST1 (Sigma-Aldrich, 10 ng/ml). Expansion of iNK T and
VPB2* T cells were measured on day 7. Supernatants were
harvested on day 12 and stored at —20°C until assayed for
Ig levels.

B cell proliferation was measured using 5(6)-
carboxyfluoresceine diacetate succinimidyl ester (CFSE)
staining. Briefly, magnetically purified CD19" cells were
incubated for 5 min at 37°C in phosphate-buffered saline
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(PBS) (GiBco) containing 0-2% heat-inactivated FCS and
0-5 uM CFSE (Molecular Probes, Leiden, the Netherlands)
and then washed four times in culture medium. Cells were
loaded with 0.-GC and co-cultured as described previously.
After co-culture, B cells were stained and analysed by flow
cytometry.

Intracytoplasmic amounts of cytokines in CD4 and
DN lymphocytes were determined ex vivo or in vitro
after co-culture at a concentration of 5x 10° cells/ml or
1x10° cells/ml, respectively. Cells were cultured for
5h in the presence of 1ng/ml phorbol myristate
acetate (PMA), 0-5ug/ml calcium ionophore (all from
Sigma-Aldrich) and Golgistop™ (BD Biosciences, San
Diego, CA, USA) and analysed by flow cytometry, as
described below.

Ig secretion assay

IgE and IgM concentrations in culture supernatants were
measured using enzyme-linked immunosorbent assay
(ELISA), as described previously [29]. For IgG measurement,
goat anti-human 7y chain antibody (1 pg/ml, Southern
Biotechnology, Birmingham, AL, USA) and peroxidase-
conjugated mouse Ig adsorbed goat anti-human 7y chain
(Caltag, Burlingame, CA, USA) were used as capture and
detection antibodies, respectively.

Flow cytometry staining and analysis

Cell surface staining was performed as described elsewhere
[30]. Anti-CD4-phycoerythrin (PE), anti-CD4-allophycocy-
anin, anti-IL-4-PE, anti-IFN-y-FITC, anti-CD80-PE, anti-
CD86-PE, anti-CDI11c-PE, anti-CDI14-allophycocyanin,
anti-HLA-DR-PE, anti-CD19-Cy, anti-CD19-allophycocya-
nin and anti-CD27-PE were purchased from BD Biosciences,
anti-Vo24-FITC, anti-VP11-PE and anti-TCRof-PE from
Beckman Coulter (Marseille, France) and anti-CD1c-FITC
from Miltenyi Biotec. For ex vivo experiments, stained cells
were fixed in PBS containing 2-5% paraformaldehyde. For
in vitro experiments, dead cells were excluded by pro-
pidium iodide staining. For intracytoplasmic cytokine
determination cells were membrane-labelled, then perme-
abilized with Cytofix/Cytoperm™ (BD Biosciences) and
washed with Perm/Wash™ (BD Biosciences). After staining
with the appropriate anti-cytokine MoAb, cells were again
washed with Perm/Wash™. Samples were gated on lym-
phocytes using forward- and side-scatter parameters.
Positive staining for each marker was determined by com-
parison with appropriate isotype-matched negative con-
trols. A fluorescence activated cell sorter (FACS)calibur™
flow cytometer (Becton Dickinson, Mountain View, CA,
USA) was used and a minimum of 5% 10* events gated
from viable cells were acquired with CellQuest™
(Becton Dickinson).

software
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Statistical analysis

Statistical analyses were performed using Student’s
paired t-test and Wilcoxon’s rank tests as appropriate.
P-value of less than 0-05 were considered statistically
significant.

Results

CD4* T lymphocytes, but not their DN counterpart,
enhance IgE and IgG production by a-GC-loaded
B cells

In a first series of experiments, purified B cells were
co-cultured with autologous CD4* or DN cell fractions.
Because of the low frequency of iNK T cells in these fractions
(0-02-0-8%, as assessed using an association of anti-TCR
Vo24 and VP11 MoADb), co-cultures were performed in
the presence of IL-2 or IL-7, two cytokines that enhance
preferentially the expansion of 0-GC-stimulated iNKT
cells among peripheral blood lymphocytes (PBL) [25,31].
Because human B cells express CD1d [25], we expected that
their cross-talk with iNK T cells could be initiated by loading
B cells with the cognate ligand of iNK T cells, o-GC. Incu-
bation of CD4" or DN cells with IL-2 in the presence of
autologous 0-GC-pulsed B cells resulted within 7 days in a
dramatic (approximately 10-fold) increase in the proportion
of both CD4" V24" and DN V24" cells detected (Fig. 1a).
In order to avoid interpretation problems because of pos-
sible non-iNK T cell proliferation, iNK T cell expansion was
calculated using the absolute number of Vo24-positive T
cells per well after culture instead of their frequency. A
similar expansion occurred upon exposure to IL-7 (data not
shown).

We next examined Ig secretion by o-GC-pulsed or not-
pulsed B cells after 12 days of co-culture with CD4* or DN
lymphocyte fractions in the presence of IL-2. As shown in
Fig. 1b, the mean IgE level in culture supernatants was sig-
nificantly higher when CD4" cells were co-cultured with
0-GC-pulsed B cells [means * standard error of the mean
(s.eem.): 2-9 *£ 0-6 ng/ml] than in co-culture with non-
loaded B cells (1-3 = 0-6 ng/ml). Similar effects, but to a
lesser extent, were observed on IgG production (respec-
tively, 2:1 % 0-8 pg/ml versus 1-5 = 0-8 ug/ml when B cells
were 0-GC-loaded or not), with significant differences
within each donor. The important variations in Ig levels
within each condition in response to 0.-GC-pulsed B/INK T
cell mixtures probably reflect the marked differences in
INK T cell frequency between individuals. Secretion of IgM
was not modified significantly under these conditions
(Fig. 1b). In comparative experiments with the CD4" frac-
tion, DN cells, which showed a similar expansion of iNK T
cells, failed to enhance IgE and IgG production when
co-cultured with o-GC-loaded B cells (Fig. 1c, and data not
shown).

557

Journal compilation © 2007 British Society for Immunology, Clinical and Experimental Inmunology, 148: 555-563



A. Rossignol et al.

(c)
(a) 7.5
15
s
Ee] —~ 50¢r
2 10l E
b T o
X £
()
W
3 2 a5t
3 of
3
=
0
0 o-GC -+ - +
CD4 DN CD4 DN
(b)
6-0p P <0.02 7.0 - P <0.03 12.5¢ n.s.
v
i - 100f o
—40f "~ _ 50 =
E 5 E 75;
2 = 2 g
L - o 307 = 50t ]
2 2.0} a = N A = .
25}
. 1.0t s b -
a ° 3 N
ot ° 0 ! ot
nil  o-GC nil  o-GC nil  o-GC

Fig. 1. IgE and IgG production by a-galactosylceramide (0--GC)-loaded B cells is enhanced by CD4" T lymphocytes but not by their
double-negative (DN) counterpart. Purified CD4* or DN lymphocyte fractions (15 X 10* cells) were co-cultured in medium containing interleukin
(IL)-2 with 5 x 10* B cells either non-loaded or loaded with o-GC. (a) Similar fold expansion of DN invariant natural killer T (iNK T) cells and
CD4"iINK T cells in response to 0.-GC-loaded B cells. Expansion was calculated after a 7-day culture by dividing the number of Voi24-positive T
cells in co-cultures with o-GC-loaded B cells by their number in co-cultures with non-loaded B cells. The total number of iNK T cells recovered
ranged from 0-75 X 10°-25-7 x 10’ cells/well for CD4" fraction (n =4) and from 0-8 X 10° to 17-5 x 10° cells/well for their DN counterpart (1 =4),
depending on their frequency in fresh peripheral blood lymphocytes (which varied considerably between individuals). Data are mean

values £ s.e.m. of experiments performed with PBL obtained from four healthy donors. (b) CD4* lymphocytes promote Ig production by
0-GC-loaded B cells. Concentrations of IgM, IgG and IgE in supernatants were determined after a 12-day culture. Data are from experiments
performed with cells from four to six healthy donors, each symbol corresponding to one donor; significant differences (P < 0-02 and P < 0-03,
respectively, according to Wilcoxon’s test) were found for IgE and IgG only. (c) Comparison of IgE levels in supernatants of B cells co-cultured with
CD4" or DN cells in the presence or absence of 0-GC. Data are means * s.e.m. from one typical experiment of three.

Promotion of IgE and IgG production is mediated by V24 cell fraction, IgG and IgE levels in culture supernatants
CD4*INK T cells did not differ from baseline values measured in response to
non-loaded B/total CD4" cell mixtures. Additionally,
co-cultures were performed in the presence of the superan-
tigen TSST1, which stimulates selectively the MHC-class
[I-restricted CD4" T cells that express a VP2 chain-
containing TCR [33]. Although TSST1 induced V[2* cell
expansion (1-5-2-9-fold increase), it failed to induce any
detectable IgE and IgG production by B cells (Fig. 2¢).

To investigate the role of CD1d in iNK T cell activation, we
used a specific anti-CD1d MoAb [32]. Specificity of the neu-
tralizing activity of this anti-CD1d MoAb was controlled by
its capacity to block the expansion of human iNK T cells
cultured with o-GC but not that of conventional T cells
stimulated by IL-2. As shown in Fig.2a, CD1d blockage
resulted in a dramatic reduction of IgE (3-7 = 0-1-fold;
mean * s.e.m.) and IgG (15-0 = 11-0-fold, mean * s.e.m.)
levels in supernatants of a-GC-pulsed B cells co-cultured
with autologous CD4" cells. We then depleted CD4* T lym-

CD4* iNK T lymphocytes enhance the proliferation of
the memory B cell compartment

phocytes in V24 cells, which strongly reduced Ig produc- With regard to the identity of the responder B cells,
tion by oi-GC-loaded B cells by 3-6-fold and 2-5-fold for IgE we speculated that CD4" iNK T cells interacted at least in
and IgG, respectively (Fig. 2b). Actually, in the absence of the part with isotype-switched B cells or induced their
558 © 2007 The Author(s)
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Fig. 2. Promotion of IgE and IgG production by CD4* T lymphocytes
in response to o-galactosylceramide (coi-GC)-loaded B cells is
mediated by invariant natural killer T (iNK T) cells. Purified CD4"
lymphocyte fractions (15 x 10* cells) were co-cultured in interleukin
(IL)-2-containing medium with 5 X 10* 0.-GC-loaded B cells (a,b) or
with 5 10* B cells and the TSST1 superantigen (c). Supernatant
concentrations of IgG and IgE were determined as above. Data are
means * s.e.m. from four to six wells (one typical experiment of
three). (a) CD1d-dependence of the CD4*/a-GC-loaded B cell
cooperation in Ig production. Blocking anti-CD1d monoclonal
antibody (20 ug/ml) was added or not to oi-GC-loaded B cells before
co-culture. (b) Voi24-depleted CD4" lymphocytes fail to help B cells to
produce Ig. Depletion of V24" cells from CD4" cells was achieved by
magnetic cell sorting. (c¢) CD4" lymphocytes activated by the TSST1
superantigen do not help B cells to produce Ig.

differentiation. As shown in Fig. 3a, the proportion of
0-GC-pulsed CD19" cells that express CD27, a marker used
commonly to identify memory B cells, was significantly
higher after a 10-day co-culture with CD4" cells than prior

© 2007 The Author(s)
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to culture (41-7 = 8:6% versus 17-0 = 4-5%, respectively;
mean * s.e.m., P<0-04). Moreover, these CD19" CD27*
cells were all activated, as evidenced by their stage of cell
division (Fig. 3b). When co-cultures were performed with
Vo4-depleted CD4* T lymphocytes, a decrease in both
percentages (Fig. 3a,b) and absolute number (Fig. 3¢) of
CD19" CD27* B cells occurred. Altogether, these data indi-
cate that CD4" but not DN iNK T cells are crucial for the
accumulation of isotype-switched B cells through a CD1d-
dependent CD4" iNK T/B cell interaction in our model.

Functional dichotomy in term of cytokine production
between freshly isolated CD4* and DN iNK T cells

We then verified whether the functional dichotomy in pro-
moting Ig production by B cells between CD4" and DN
iNK T cells was associated with differences in cytokine pro-
duction profiles. Freshly drawn PBL were treated or not for
5h with PMA and calcium ionophore in culture medium
containing GolgiStop™ to avoid exocytosis and then analy-
sed for cytokine production by intracytoplasmic staining.
The CD4" subset produced both IL-4 and IFN-y, in contrast
to DN iNK T cells, which generated predominantly IFN-y
(Fig. 4a,b).

The pro-Th2 effect of CD4" iNK T cells on B cells is
controlled by myeloid DC

Finally, we addressed the question of a possible interference
of myeloid DC with the induction of Ig production in our
human in vitro model. Indeed, o-GC-pulsed myeloid DC
completely blocked IgE and IgG production mediated by
CD4" iNK T/o-GC-pulsed B cell interactions (Fig. 5a).
Because the capacity of myeloid DC to polarize iNK T cells
towards a Thl profile was reported in the mouse [24], we
searched for a similar effect in our human in vitro co-culture
model. Co-cultured cells were treated further for 5h with
PMA and calcium ionophore and then analysed by intracy-
toplasmic staining with anti-cytokine MoAb. As shown in
Fig. 5b,¢, co-culture with myeloid DC enhanced the expres-
sion of IFN-y and dramatically decreased that of IL-4 in
CD4"iNK T cells. Importantly, the major inhibitory effect of
myeloid DC on IL-4 expression was selective for the iNK T
cell subset. Indeed, conventional CD4* T cells retained their
capacity to express IL-4 although their proportion to express
IFN-y was increased (Fig. 5b,d). Contrasting with myeloid
DC, B cells did not modify the pattern of IL-4 and IFN-y
expression by CD4" iNK T cells (see Fig. 4a,b, compared to
Fig. 5b,c).

Discussion

In view of the recent reports suggesting that CD4" and DN
iNK T cells in humans display Th2 and Th1 profiles, respec-
tively, it could be expected that these two cell subsets differ in
terms of their capacity to induce Ig production by autolo-
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Fig. 3. CD4" invariant natural killer T (iNK T) lymphocytes enhance
the proliferation of the memory B cell compartment. Purified
5(6)-carboxyfluoresceine diacetate succinimidyl ester (CFSE)-labelled
CD19" B cells were preincubated with o.-galactosylceramide (0-GC)
and co-cultured with CD4" or iNK T-depleted CD4" cells for

8-10 days. Data are means = s.e.m. from four experiments. (a)
Frequency of CD27* cells among CD19" lymphocytes before and after
culture. The increase of CD27" cell frequency along culture depends
on CD4" iNK T cells. (b, ¢) Proliferation of memory B cells depends
on CD4" iNK T cells. Proliferation of gated CD19" B cells was
analysed on day 10 according to CD27 expression and to dilution

of CFSE staining. Dot plots show percentages of cells in each
quadrant, and absolute number of dividing memory (CD27") cells
(CFSE dilution = 1 division) are shown between brackets.
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gous B cells. Here, by addressing this question, we demon-
strated that freshly isolated CD4" iNK T cells can activate
and help B cells to produce IgG, whereas DN iNK T cells do
not. Moreover, by showing that CD4" iNK T cells are also
capable of promoting IgE production, a characteristic
feature of Th2 response, we afforded a definitive evidence for
a Th2-promoting activity of this cell subset.

In a previous study by Galli et al. [26], improvement of IgE
production by CD4" iNK T cells could not be demonstrated.
This discrepancy with our data could be explained by the fact
that these investigators used iNK T cell clones instead of
freshly isolated cells, which are clearly distinct in their cytok-
ine production pattern. Indeed, as reported recently by others
[27,28], we observed a dichotomy concerning the cytokine
profile generated by human CD4" and DN iNK T cells; these
data contrasted with the results of Galli et al., who observed
that CD4" and DN INK T cell clones displayed the same
cytokine profile. The discrepancies between the two studies
also probably reflect differences in the experimental system.
Galli et al. used autologous iNK T cell clones with a ratio of
one B for one T cell. In our study, B cells were co-cultured with
unpurified sources of iNK T cells, in order to avoid them
being in a much greater proportion than under physiological
conditions. For this reason, it was necessary to prove that
iNK T cells were responsible for the observed effects. Alto-
gether, the requirement for o-GC stimulation and CD1d
presentation, the inhibitory effect of iNK T cell depletion and
their cytokine secretion profile provide strong evidence for
the role of iNKT cells in the induction of IgG and IgE
synthesis. The undetectable IgE and IgG production by
TSST1-loaded B cells co-cultured with CD4" cells suggests
that conventional CD4" T cells play no role under these
experimental conditions. Finally, we have confirmed our
results with CD4*iNK T cell lines. We have purified and raised
CD4" T lymphocytes with autologous B lymphocytes present-
ing o-GC. After 18 days, iNK T cells were purified by mag-
netic sorting with the MoAb anti-Voi24 or the Tet-CD1d.
These iNK T cell lines were raised with autologous feeder
cells, and they induce IgE and IgG production by autologous
B cells in co-culture (data not shown and manuscript in
preparation).

Evidence suggesting that iNK T cells can promote Ig pro-
duction has already been provided in mice [19,20,34].
However, in some experimental designs iNK T cells failed to
exert Th2-promoting functions. In this case, the authors
assigned a major role to myeloid DC through their capacity to
polarize iNK T cells towards the Th1 phenotype [23,24]. Our
results extend this role of myeloid DC in humans. Indeed, we
show that a-GC-pulsed myeloid DC completely block IgE
and IgG production mediated by the CD4* iNK T/o.-GC-
pulsed B cell interaction. Furthermore, the addition of
myeloid DC enhanced the production of IFN-yand decreased
that of IL-4 by CD4" iNK T cells co-cultured with o-GalCer-
loaded B cells. Variation in the distribution of iNK T cell
subsets together with the dominant inhibitory effect of

© 2007 The Author(s)
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myeloid DC might explain why iNK T cells can promote both
Th2 and Th1 responses according to the immune conditions.
Further investigations are needed to define the molecular
events accounting for the pro-Th2 effect of CD4" iNK T cells
on B cells and its control by myeloid DC. It might be postu-
lated that CD1d-expressing B cells play a specific and direct
role as pro-Th2 stimulatory elements in situations in which
Th1-mediated responses could become harmful. The oppo-
site effect of B cells and myeloid DC on iNK T cell activation
might result from different activation pathways, as docu-
mented in the mouse for CD28 and CD40L, which can exert
opposite effects on iNK T cell functions [35]. It is also con-
ceivable that IL-12 that can be produced by myeloid DC upon
interaction with a-GC-activated iNK T cells plays a determi-
nant role in the suppression of IgE responses [23]. Finally,
some iNK T cell lines prepared with autologous DC present-
ing 0-GC did not induce IgE and IgG production by the
autologous B cells (data not shown, and manuscript in prepa-
ration) confirming the interference of DC in our model.
Another important point concerns the identity of the
responder B cells. Although our data indicate that CD4" but
not DN iINK T cells are crucial for the accumulation of
isotype-switched B cells in our model, it might be interesting

© 2007 The Author(s)

in further experiments to study precisely the respective
implication of naive and memory B cell subsets.

Because of their dual capacity to promote both Thl and
Th2 responses according to the immune conditions, iNK T
cells should be taken into account as a potential tool of
immuno-intervention in relevant diseases. The use of o-GC-
pulsed B cells deserves consideration as a mean for selectively
promoting Th2-mediated regulatory functions of iNKT
cells.
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Fig. 5. Myeloid dendritic cells (DC) block Ig production promoted by CD4" invariant natural killer T (iNK T) cells. CD4" T lymphocyte fractions
(15 % 10* cells) were co-cultured in medium containing interleukin (IL)-2 with 5 X 10* o-galactosylceramide (0-GC)-loaded B cells in the presence
or not of 5 x 10* 0-GC-loaded myeloid DC. (a) Myeloid DC block the CD4" cell-induced Ig production of 0-GC-loaded B cells. Supernatant
concentrations of IgG and IgE were determined on day 12 of co-culture. Data are arithmetic means from three separate experiments. (b,c,d)
Myeloid DC modify the pattern of interferon (IFN)-y and IL-4 production by CD4* iNK T and conventional CD4" T cells (Vai247) co-cultured with
0-GC-loaded B cells. After 1013 days of culture, iINK T cells and conventional T cells were analysed for intracytoplasmic IL-4 and IFN-y expression

as described in the Materials and methods section. Dot plots show percentages of cells of either population that produced the relevant cytokine.
Data are from experiments performed with cells from six healthy donors; significant differences were found for IL-4 and IFN-y expression by CD4*
iNK T cells (P < 0-02 and P < 0-03, respectively) and IFN-y expression by conventional T cells (P < 0-002), according to paired ¢-tests.
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