Uncover what makes your -
cells unique in multiomics -
with TotalSeq™ cocktails,

hashtags, and antibodies

Learn more p X BioLegend”

the Journal of
Immunology

RESEARCH ARTICLE | APRIL 01 2012
Follicular Helper NKT Cells Induce Limited B Cell Responses and Germinal
Center Formation in the Absence of CD4 T Cell Help ©

Elena Tonti; ... et. al

J Immunol (2012) 188 (7): 3217-3222.
https://doi.org/10.4049/jimmunol.1103501

Related Content

Memory Follicular Helper Invariant NKT Cells Recognize Lipid Antigens on Memory B Cells and Elicit Antibody Recall
Responses

J Immunol (May,2018)

€202 YoIe L€ U0 3senb Aq ypd L0GE0L L/LLIYSEL/LLZE/L/88 L HPd-BloIE/ounwwI/Bi0 1ee sjeunol//:dpy woly papeojumod


https://doi.org/10.4049/jimmunol.1103501
https://journals.aai.org/jimmunol/article/200/9/3117/106780/Memory-Follicular-Helper-Invariant-NKT-Cells
https://servedbyadbutler.com/redirect.spark?MID=184332&plid=1983845&setID=590594&channelID=0&CID=727370&banID=520947582&PID=0&textadID=0&tc=1&adSize=2000x600&mt=1680276280740542&spr=1&hc=cd6c0c6fb8bfcab7b9ccff84845f9ca97be91a04&location=

The Journal of Immunology

Follicular Helper NKT Cells Induce Limited B Cell Responses
and Germinal Center Formation in the Absence of CD4"
T Cell Help

Elena Tonti,* Maya Fedeli,* Anna Napolitano,* Matteo Iannacone, "% Ulrich H. von Andrian,**
Luca G. Guidotti,'”’" Sergio Abrignani,# Giulia Casorati,* and Paolo Dellabona*

B cells require MHC class IT (MHC II)-restricted cognate help and CD40 engagement by CD4" T follicular helper (Tyy) cells to
form germinal centers and long-lasting Ab responses. Invariant NKT (iNKT) cells are innate-like lymphocytes that jumpstart the
adaptive immune response when activated by the CD1d-restricted lipid a-galactosylceramide (aGalCer). We previously observed
that immunization of mice lacking CD4" T cells (MHC II™'7) elicits specific IgG responses only when protein Ags are mixed with
aGalCer. In this study, we investigated the mechanisms underpinning this observation. We find that induction of Ag-specific Ab
responses in MHC II"™'~ mice upon immunization with protein Ags mixed with aGalCer requires CD1d expression and CD40
engagement on B cells, suggesting that iNKT cells provide CD1d-restricted cognate help for B cells. Remarkably, splenic
iNKT cells from immunized MHC II™’~ mice display a typical CXCR5"programmed death-1"ICOS™Bcl-6" Tgy phenotype
and induce germinal centers. The specific IgG response induced in MHC II™’~ mice has shorter duration than that developing in
CD4-competent animals, suggesting that iNKTgy cells preferentially induce transient rather than long-lived Ab responses.
Together, these results suggest that iNKT cells can be co-opted into the follicular helper function, yet iNKTgy and CD4™ Tpy
cells display distinct helper features, consistent with the notion that these two cell subsets play nonredundant functions throughout

immune responses.

infectious pathogens requires the formation of specialized
structures in secondary lymphoid organs, called germinal
centers (GCs), where Ig somatic mutation, affinity maturation, and
class switch occur (1). GCs are usually generated as a result of
Ag—cognate interactions between a particular subset of CD4" Th
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cells, defined T follicular helper (Tgy) cells, and B cells and de-
pend upon the engagement between CD40L (CD154) on Tgy cells
and CD40 on B cells, and the local cytokine environment created
by the activated Tgy cells (2). The differentiation of Tgy cells
depends critically on the expression of the master transcriptional
repressor Bcl-6 (3-5) and is characterized by the sustained up-
regulation of CXCRS5, CXCR4, programmed death-1 (PD-1), and
ICOS and the production of IL-21 and IL-4, which enable them to
migrate to B cell follicles, engage with Ag-activated B cells, and
support their proliferation and differentiation into GCs (2).

Invariant NKT (iNKT) cells are a distinct subset of T lympho-
cytes that express the homolog invariant Val4-Jal8 and Vo24-
JaQ TCR chains in mice and humans, respectively, which pair with
diverse TCR-chains that use V8.2, VB7, and VB2 in mice and
VB11 in men (6, 7). The semi-invariant TCR is restricted for CD1d,
an MHC class I-like molecule expressed mainly on professional
APCs. All iNKT cells recognize the CD1d-restricted strong agonist
a-galactosylceramide (aGalCer) (8). Administration of aGalCer
into mice rapidly activates iNKT cells to release copious Thl and
Th2 cytokines, including IL-4 and IL-21, and to upregulate CD40L
(8, 9). As a result, activated iNKT cells license dendritic cells
(DCs) via CD40 ligation, enhancing their capacity to induce con-
comitant Ag-specific CD4* and CD8" T cell responses (10).

We have previously shown that activated human iNKT cells
provide efficient CD1d-restricted cognate help for proliferation
and Ab production by purified B cell in vitro (11). Furthermore,
immunization of mice with protein Ags mixed with aGalCer
(aGalCer+Ags) substantially enhanced protective serological im-
munity and B cell memory (12). In this immunization model,
mouse iNKT cells helped B cells mainly indirectly via licensing of
APC functions that resulted in an improved priming of Th cells
and enhanced provision of MHC class II (MHC II)-restricted
cognate help for B cells (13). However, immunization with Ags
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mixed with aGalCer, but not with other classic adjuvants, elicited
detectable specific Ab titers also in mice lacking conventional
CD4" Th cells (MHC II /"), suggesting that iNKT cells may di-
rectly help B cells in vivo (12). Given the relevant implications of
these findings for the physiology of iNKT cells and their possible
involvement in vaccine design, we have investigated the mecha-
nisms by which these cells provide B cell help in MHC 11"~ mice.

Materials and Methods
Mice

CD1d "~ (B6.129-CD1tm1GruCD1d25), CD40 '~ (B6.129-Tnfrsf5tm1Kik),
B cell-deficient (WMT’; B6.129S2-Igh-6tm1Cgn), MHC 1™/~ (B6.129-
H2Ab1tm1Do0i/DoiOrl) (described in Ref. 13), C57BL6N (Charles River
Italy), and puMT® X MHC 11"/~ mice (generated by in-house crossing)
were maintained in specific pathogen-free conditions and used at 6-8 wk
of age. All animal procedures were reviewed and approved by the Insti-
tutional Animal Care and Use Committee at San Raffaele Scientific In-
stitute.

Immunization of mice

Immunizations were performed s.c. at day 0 with Ag dissolved in PBS
or mixed with 4 pg aGalCer (Alexis, Lausen, Switzerland). Tail vein
blood was drawn at day 7 or 13 to determine primary specific Ab titers.
Where indicated, mice were boosted on day 15 with the same Ag in PBS,
and secondary Ig titers were determined at days 28, 84, and 133. Mice
were immunized with either 4-hydroxy-3-nitrophenyl-chicken y globulin
(NP-CGG; Biosearch Technologies) at 50 pg/dose, human influenza vi-
rus A/Panama/2007/99-RESVIR17 hemoagglutinin/neuroaminidase sub-
units (H3N,; Novartis Vaccine) at 3 pg/dose, or a mixture containing 50
ng/dose NP-CGG and 3 pg/dose tetanus toxoid (Novartis Vaccine), BSA
fraction V (Roche), influenza virus A/Panama/2007/99-RESVIR17 H3N,,
and keyhole limpet hemocyanin (KLH; endotoxin-free; Calbiochem).

mAb treatments in vivo

NK cells or CD8" T lymphocytes were depleted by injecting i.v. every
2 d anti-AsialoGM1 or anti-CD8a Abs, respectively, beginning at day —7
and continuing up to day 14 from the immunization. To block CD40-
CD40L interactions in vivo, 400 pg MR1 anti-CD40L mAb (Taconic
Europe, Ejby, Denmark) were given i.p. in 100 wl PBS at days 0, 2, and 4
from the immunization, a schedule optimized to inhibit GC induction (14).

Measurement of Ag-specific Ab titers

Individual sera were titrated in parallel at the same time for their Ag-specific
Ab content by end-point ELISA as described (13). Ab titers are expressed
as reciprocal dilutions giving an ODg4so > mean blank ODyso + 3 SD.
Blanks consistently displayed ODysy <0.1 and <10% variability.

Cell staining and flow cytometry

The following mAb conjugates were used to stain the cells: anti-CD1d—
PE, anti-CD40-PE, anti-CD19-APC, anti-TCR-B—Pacific Blue, anti-CD4—
allophycocyaninCy7, anti-PD-1-PECy7, anti-CD44—-PerCPCy5.5 (BD
Biosciences, San Jose, CA), anti-CXCR5-APC, anti-ICOS-FITC (Bio-
Legend), and anti-Bcl-6—FITC (7D1; Santa Cruz Biotechnology). PBS57-
loaded mouse CD1d-PE tetramers were obtained from the National Insti-
tutes of Health Tetramer Core Facility. Nonspecific binding was blocked
with anti-CD16/CD32 24G2 mAb before staining. Stained cells were ac-
quired on FACSCanto flow cytometers (BD Biosciences), excluding non-
viable cells and aggregates. Data were analyzed using FlowJo software
(Tree Star).

Generation of mixed bone marrow chimeras
Mixed bone marrow chimeras (BMCs) were generated as described (13).
B cell adoptive transfer

B cells were purified with anti-CD19 magnetic beads (Miltenyi Biotec) from
spleens of wild-type (WT) or CD40 " mice. Cell purity (>97%) was
confirmed by flow cytometry analysis. A total of 10" B cells were injected
in the tail vein. Mice were immunized 1 d after the transfer.

Tissue sections and confocal microscopy analysis

Spleens were fixed with phosphate-buffered L-lysine with 1% parafor-
maldehyde/periodate overnight at 4°C and then cryoprotected by an as-
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cending series of 10, 20, and 30% sucrose in PBS. Samples were snap-
frozen in tissue-freezing liquid (Triangle Biomedical Sciences) and stored
at —80°C. Sections 40-pm thick were mounted on Superfrost Plus slides
(Fisherbrand) and stained with fluorescent Abs in a humidified chamber
after Fc receptor blockade with 1 mg/ml Ab 2.4G2 (BD Pharmingen).
Sections were stained with anti-IgD-FITC (eBioscience), anti-CD4—APC
(BD Pharmingen), and Biotinylated-Peanut Agglutinin (Vector Laborato-
ries, Burlingame, CA), followed by streptavidin-AlexaFluor568 (Invi-
trogen). Samples were mounted in FluorSave reagent solution (EMD-
Calbiochem) and stored at 4°C until analysis. Images were collected
with a Bio-Rad confocal microscopy system (Bio-Rad) using an Olympus
BX50WI microscope (Olympus) and 10X/0.4 numerical aperture objective
lenses and analyzed by Volocity software.

Statistics

Ab titers were logjg-transformed and tested for normal distribution by
using the Kolmogorov—Smirnov test for continuous variables. Geometric
mean Ab titers (GMTs) and the 95% confidence intervals were derived
from the anti-log; of the mean, and of the mean = SD, of the log; titer
transformations. Comparisons between two groups were done with the
two-tailed Student ¢ test for unpaired samples, applying correction for
unequal variances when required. For all tests, a p value < 0.05 was
considered significant.

Results
iNKT cells provide cognate help to B cells in MHC I~ mice

To determine the mechanisms by which iNKT cells enhance hu-
moral responses elicited in MHC II™’~ mice upon aGalCer+Ag
immunization, we first assessed whether iNKT cells indirectly
helped B cell activation by modulating the function of NK and
CD8" T cells, which are present in MHC II "/~ mice and can
modulate B cells response (15, 16). iNKT cells can activate both
cell types via DCs licensing and IFN-y production upon recog-
nition of aGalCer—CD1d complexes presented by DCs (8, 10). NK
or CD8* T cells were hence depleted from MHC 11/~ mice by
injecting i.v. anti-AsialoGM1 or anti-CD8a Abs, respectively,
before and after immunization. Flow cytometry analysis of the
peripheral blood cells from all treated animals (Supplemental Fig.
1) and spleen cells from two additional mice sacrificed at the same
day of immunization confirmed that the Ab treatment depleted
>90% of NK or CD8"* T cells. Both Ab-treated and nontreated
control mice were immunized with aGalCer+NP-CGG, and 2 wk
later, their sera were collected to determine the NP-specific Ab
titers. The Ab responses induced by aGalCer+NP-CGG immu-
nization were comparable in both groups of mice (Fig. 1A), in-
dicating that iNKT cells dispense help independently of NK or
CD8" T cells.

These results also suggested that iNKT cells directly helped Ag-
specific B cells by a mechanism entailing CD1d-restricted cognate
interaction with B cell. To investigate this possibility, we generated
mixed BMCs in which lethally irradiated recipient mice lacking
both B and CD4* T cells (WMT° X MHC Hflf) were reconstituted
with transplanted bone marrow composed by 80% of cells from
WMT° X MHC II”’~ mice and by 20% of cells from either WT or
CD1d™’" mice. The purpose of these chimeras was to generate
mice in which: 1) iNKT cells were present; 2) CD4" T cells were
absent because of the lack of MHC II expression on thymic epi-
thelium; 3) the majority of DCs expressed CD1d and presented
aGalCer to iNKT cells; and 4) all B cells expressed or did not
express CD1d (Fig. 1B). BMCs or MHC I~ control mice were
immunized s.c. with aGalCer+NP-CGG or with NP-CGG alone.
After 14 d, sera were collected and their NP-specific IgG titers
determined by ELISA. As shown in Fig. 1B, whereas the lack of
CD1d expression by B cells completely abrogated the induction of
specific IgG responses in BMCs, the expression of CD1d by
B cells resulted in specific Ab titers that were comparable to those
elicited in MHC 11"/~ control mice.
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FIGURE 1. iNKT cell help in MHC 11"/~ mice requires CDI1d ex-
pression by B cells. (A) NK cells and CD8" T lymphocytes were depleted
from MHC I/~ mice as described in Materials and Methods. Control
mice received no Ab (nil) or rat IgG. Mice were immunized with aGalCer
+NP-CGG. At day 13, the NP-specific serum IgG GMT was determined
by ELISA. (B) Top panel, Flow cytometry analysis of CD1d expression by
B cells from the BMCs lacking CD4" T cells and bearing CD1d* (upper
quadrant) or CD1d™ (lower quadrant) B cells. Dot plots are gated on live
circulating lymphocytes. Bottom panel, BMCs were immunized with NP-
CGG plus or minus aGalCer. After 7 d, the NP-specific serum IgG GMT
was determined by ELISA. One of two comparable experiments, each
performed with five to eight mice/group, are shown. *p < 0.05.

The data thus indicate that iNKT cell help in absence of Th cells
requires CD1d expression by B cells, arguing for a CD1d-restricted
cognate iNKT-B cell interaction in vivo.

CD40-CD40L interaction is critical for the cognate iNKT cell
help in MHC II™"~ mice

The engagement of CD40 on B cells by CD40L on activated Th
cells is a critical helper mechanism (1, 17). As iNKT cells up-
regulate efficiently CD40L upon aGalCer recognition in vivo (18),
we assessed whether the expression of CD40 on B cells was re-
quired for the display of aGalCer-activated iNKT cell helper
functions in MHC I/~ mice. B cells were purified from the
spleen of WT or CD40’~ mice and adoptively transferred into
wMT® X MHC I~ recipient mice that lacked both B and Th
cells. After 24 h, these mice were immunized with aGalCer+NP-
CGG, and 14 d later, sera were collected and tested for NP-
specific Ig titers. Note that we measured total Ig titers (rather
than IgG), as CD40 engagement is critical to induce IgG class
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switch (19). As shown in Fig. 2A, immunization of mice bearing
CD40-negative B cells completely failed to mount specific Ig
titers, indicating that the expression of CD40 on B cells is critical
for the iNKT-dependent induction of Ab responses.

Next, we assessed the role of CD40L in our system. MHC 11/~
mice received either anti-CD40L blocking mAb or control ham-
ster IgG before and after immunization with aGalCer+NP-CGG
and NP-specific total Ig titers were determined as above. Fig.
2B shows that blocking CD40L significantly impaired the Ig re-
sponse, suggesting that CD40L is required to elicit B cell re-
sponses in the absence of Th cells.

Collectively, these findings argued that CD40L, most likely
expressed by activated iNKT cells, engages CD40 on B cells and
promotes Ab responses independently of Th cells.

aGalCer+Ags immunization of MHC 1"~ mice induces
iNKT cells with Try phenotype and GC formation

Because iNKT cells can provide CD1d-restricted cognate help to
B cells and elicit Ag-specific Ab titers in MHC 11/~ mice, we
sought to determine whether splenic iNKT cells acquire the typ-
ical CXCR5™MPD-1MICOS"Bcl-6" Try phenotype (2) and induce
GC formation upon immunization with aGalCer+Ag. It is worth
noting that both Tgy and CD4* T effector/memory cells upregulate
these molecules early after Ag-specific activation. Only the former
cells, however, sustain the expression of such phenotype for longer
time, allowing them to be specifically identified up to 7-10 d post-
Ag encounter (20). Separate groups of MHC ™'~ mice and WT
mice, the latter ones used to directly compare the status of Tgy
differentiation between iNKT cells and CD4" T cells, were im-
munized with vehicle or with aGalCer mixed with 4 protein Ags
(NP-CGG, BSA, KLH, and tetanus toxoid) and sacrificed 7 d later.
As shown in Fig. 3A, the immunization of aGalCer+Ags in-
creased the frequency of iNKT cells exhibiting a sustained up-
regulation of PD-1, CXCRS, ICOS, and Bcl-6 in the spleen of both
group of mice, indicating that iNKT cells have the potential to
acquire a Ty phenotype irrespective of the presence of CD4* Th
cells. The lack of CD4" Th cells influenced, however, the relative
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FIGURE 2. iNKT cell help in MHC I/~ mice requires CD40 ex-
pression by B cells and CD40L function. (A) .MT’ mice were immunized
with aGalCer+NP-CGG 1 d after receiving purified splenic WT or CD40~"~
B cells. MHC II"/~ mice were immunized as control. (B) MHC II""~ mice
were immunized with aGalCer+NP-CGG while receiving anti-CD40L mAb
MRI1 or control hamster IgG. Both panels show the NP-specific serum Ig
GMT determined 13 d after immunization. One of two comparable ex-
periments, each performed with five mice per group, is shown. *p < 0.05.
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Immunization of MHC II"/~ mice with aGalCer+Ag induces iNKTgy cell differentiation. (A) Spleen cells from WT or MHC I/~ mice

obtained 7 d after immunization with aGalCer+Ags mix or with the vehicle alone were stained to assess CXCRS, PD-1, ICOS, and Bcl-6 upregulation
among CD1d-tetramer* TCRB™ iNKT cells or TCRB*CD4*CD44™ Ag-experienced T cells. Numbers in dot plots quadrants indicate the mean percentage +
SD of the cells included in the gates. The histograms on the right show the increase in intracellular Bcl-6 expression between nonfollicular helper (PD-1"
CXCR57) and follicular helper (PD-1*CXCR5") iNKT or T cells, quantified as the ratio between the mean fluorescence intensity (MFI) of cells stained
with anti—Bcl-6 mAb and the MFI of cells stained with isotype controls. (B) Absolute numbers of total T CD4*CD44", T CD4*CD44™PD-1"CXCR5" Tgy,
total iNKT cells, and PD-1"CXCR5™ iNKTgy in spleens of WT and MHC I/~ mice 7 d after immunization with vehicle or «GalCer+Ags. Numbers were
obtained by multiplying the percentage of the relevant target cells by the total number of splenic lymphocytes obtained from the immunized mice. One of
three comparable experiments, each performed with three to four mice/group, is shown. *p = 0.05, **p = 0.01.

rate by which iNKT cells differentiate into Tgy cells, as indicated
by the fact that we detected higher percentages of iNKTgy cells
in MHC 11"/~ mice (albeit this occurred with greater inter indi-
vidual variation) (Fig. 3A, 3B). By 7 d postimmunization, the total
number of iNKT cells in the spleen had slightly contracted com-
pared with control animals, whereas that of iNKT cells display-
ing the PD-1MCXCR5™ follicular helper phenotype had in-
creased, suggesting a possible selective survival and/or retention
of iNKTgy cells in secondary lymphoid organs following Ag-
induced differentiation. Notably, the absolute number of iNKTgy
cells in both MHC II"'~ and WT mice was ~10 times lower than
that of CD4" Tgy cells detected in WT animals (Fig. 3B). As-
suming that all latter cells are Ag specific, these results imply that
iNKT cells have a reduced helper potential when compared with
CD4" Tgy cells. On average, 80% of splenic iNKT cells that ac-
quired a PD-1"CXCR5"™ Tgy phenotype displayed the CD4*
phenotype (data not shown), consistent with the published finding
that IL-21, the cytokine critical to sustain the follicular help and GC
formation, is produced mainly by splenic CD4*NK1.1~ iNKT (9).

In line with the acquisition of a Tgy phenotype by iNKT cells,
we detected the presence of GCs in the spleen of MHC II™/~ mice
7 d after immunization with aGalCer+Ags (Fig. 4A). This finding
is remarkable, because MHC 11/~ mice are unable to generate
either GCs or Ag-specific IgG responses when immunized with
Ag admixed with aluminum hydroxide adjuvant (12, 21).

Together, these results suggested that iNKT cells can acquire
a typical Tgy cell phenotype and induce GC formation in the
absence of CD4" Ty cells.

CDld-restricted cognate iNKT cell help elicits short-lived
specific Ab responses in MHC II”"™ mice

Given the induction of GC reactions in the spleen of MHC 11"/~
mice immunized with aGalCer+Ag, next, we investigated the
dynamics by which Ab responses are induced in these mice. MHC
I~ mice and WT controls were primed with the clinically rel-
evant subunit vaccine influenza H;N,, given alone or with
aGalCer, boosted 2 wk later with Ag alone, and assessed for their
serum Ag-specific IgG titers at various intervals for >4 mo. MHC
I~ mice immunized with H3;N, plus aGalCer mounted de-
tectable HzN,-specific IgG Abs (Fig. 4B), consistent with the
CD40 engagement on B cells required for Ig class switch (19).
When compared with Ab responses detected in WT controls,
however, Ab responses in MHC I~ mice were lower, more
transient, and also unresponsive to boosting (Fig. 4B). This sug-
gests that iNKTgy cells are specialized in initiating the primary
B cell response but, in the absence of CD4* Tgy, they cannot
sustain the establishment of long-lasting Ab titers.

Discussion
Previous studies have shown that immunization of WT animals
with NP-KLH simply mixed with aGalCer elicits Ab responses
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FIGURE 4. GC reaction and transient specific Ab
titers induced by cognate iNKTgy cells in MHC 117/~
mice. (A) The GC reaction induced 7 d after aGalCer
+Ags immunization of WT and MHC 11"/~ mice was
assessed by confocal microscopy staining with peanut
agglutinin (PNA) (GCs, indicated by arrows), IgD
(B cell follicles), and CD4 (T cell zone) of spleen
sections. Sections of spleens from nonimmunized WT
and MHC 11"/~ mice were used as control. Shown are
different magnifications of representative sections from
one of three immunized mice analyzed per group.
(B) Persistence of Ag-specific GMT Ig titers in WT and
MHC 1T’ mice were assessed after a first immuni- B
zation at day O with aGalCer+influenza H3N, or H3N,

alone, followed by a boost at day 14 with H;N, alone
(arrows). Results are from one experiment representa-

tive of three, in which 3-10 mice/group were tested.
Asterisks indicate statistically different values between

mice immunized with H3N, alone or with aGalCer
+H;N,. *p < 0.05, **p < 0.01.

H3N2-Ig titer (geomean)

that require both the expression of CD1d by B cells and the
concomitant presence of CD4* Th cells (22, 23). Furthermore,
immunization of WT animals with B cell Ags chemically conju-
gated with aGalCer stimulated the delivery of CDl1d-restricted
cognate help by iNKT cells, which resulted either in marginal
zone B cell activation (24) or Ag-specific extrafollicular plasma
cell responses (25). Very recently, a study has been published
describing the induction of iNKTgy cells upon immunization of
C57BL6 mice with antigenic complexes (the protein hen egg ly-
sozyme directly complexed with aGalCer or the haptenated lipid
NP-aGalCer) that do not activate CD4" Tgy cells (26). Further-
more, a second study has shown that the cognate help delivered
by iNKT cells to B cells upon immunization of mice also with
NP-aGalCer critically depended on IL-21 produced by iNKT
cells, suggesting that iNKT cells display follicular helper cell
functions (27). Our present results not only confirm the direct
helper functions of iNKT cells but also extend our understanding
of the mechanistics of this phenomenon. We show indeed that
iNKT cells can differentiate into specialized Tgy effectors upon
immunization with protein Ags simply mixed with aGalCer and
induce GC formation in the complete absence of CD4* Tgy cells.
Consistent with the acquisition of follicular helper functions by
iNKT cells, our mixed radiation chimeras and B cell transfer
experiments provide direct evidence that iNKT cells deliver
CDld-restricted and CD40-dependent cognate help to B cells.
We previously showed that iNKT cells display their adjuvant
effect for Ab production in WT mice in a noncognate manner by
facilitating DC priming of CD4" Th cells, leading in turn to the
enhanced delivery of classic help to specific B cells (13). We show
in this study that, in mice lacking CD4" Th cells, iNKTgy cells

108 ;

104

108

102

107

100

T 1.'5T 2

IgD
PNA
—[J—H3N2 —— H3N2+aGalCer f priming/boost
WT MHC I+
*k * 1057
. dk
104
%k sk
100
ke
102 )’,l\
—O—H3N2 10
—— H3N2+aGalCer
100
8 84 133 13 28 84 133

days after priming

directly help B cells in a CDI1d-restricted and CD40-dependent
fashion. Together, these different sets of results imply that both
cognate and noncognate help by iNKT cells can coexist and are
differentially delivered, depending on the level of involvement
of conventional Tgy cells. When both conventional Tgy and
iNKT cells are present and encounter both lipids and protein Ags,
the number and function of conventional Tgy overwhelms those of
iNKTgy cells, making their CDld-restricted cognate help to
B cells irrelevant to elicit a humoral response (13). Instead, when
there is little or no function of conventional Ty, such as in vitro
with purified iNKT and B cell cocultures (11), in vivo in mice
lacking CD4" T cells, or in natural immune responses against
helpless Ags that do not carry MHC Il-restricted epitopes (24-27),
the cognate help by iNKTgy cells to B lymphocytes becomes
necessary to activate Ab production.

The iNKTgy cells stem from peripheral mature precursors in
the secondary lymphoid organs, suggesting that these cells main-
tain a remarkable degree of functional plasticity. This allows
iNKT cells to adopt some features of adaptive effector T cells,
such as the ability to help B cell responses. Interestingly, we find
that the CD1d-restricted cognate help delivered by iNKTgy cells
to B cells results in Ab responses of shorter duration compared
with those elicited by classic CD4* T cell help, in line with the
recently published data obtained with different experimental
models (26, 27). This would be consistent with the putative role
of iNKT cells as innate sentinels that rapidly alert both innate
and adaptive immune responses upon tissue infection and dam-
age, eliciting short-lasting Ab responses but being unable to sup-
port long-lived responses. To this regard, only the noncognate
iNKT cell help, recruited upon immunization of CD4" Th cell-
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competent mice with protein Ag mixed with aGalCer, can induce
robust humoral memory response, comparable to those elicited
upon immunization with the same protein Ags mixed with the
classic adjuvant aluminum hydroxide (12, 13, 27), owed to the
concomitant activation of the more potent Tgy cells. Why iNKTgy
cells are not as efficient as Tgy cells is not clear: quantitative and/
or as yet unknown molecular differences between the two subsets
might account for their distinct ability to help B cell responses.
Future studies are needed to address this crucial difference.

Tgy cell differentiation requires sustained Ag stimulations de-
livered initially by DCs within the T cell zone, followed by Ag-
activated B cells first at the T-zone/follicle border and then in the
GCs (28). The anatomical location of iNKT cells in the peri-
arteriolar sheath of the mouse spleen, among conventional T cells
and DCs (29), would favor this complex set of interactions. It is
conceivable that iNKT cells receive a strong activation signal
delivered by DCs presenting aGalCer bound to CD1d, resulting in
the upregulation of CXCRS and the other follicular helper mole-
cules necessary to reach the follicle and contact the Ag-activated
B cells that have also internalized aGalCer and present it on
CD1d. This view finds support in the data recently published by
Chang et al. (26), showing the requirement for both the presence
of B cells and for CD1d-expressing myelomonocytic APCs to
induce and maintain iNKTgy cells. Only Tgy cells expressing the
highest amount of CXCRS5 and Bcl-6 can further reach the GCs
(2). We find comparable levels of upregulation of CXCRS and
Bcl-6 by splenic CD4" Tgy and iNKTgy cells in immunized mice,
suggesting that both subsets are endowed with a migration po-
tential to follicles and GCs, as shown by Chang et al. (26).

The recent description of CD4*CD25*Foxp3* regulatory T cells
that acquire a CXCR5™PD-1" Tgy phenotype and migrate into
GCs, where they maintain self-tolerance and limit the outgrowth
of non-Ag-specific B cells rather than activating responses (30,
31), suggests that different T cell subsets can be co-opted in the
Tgy differentiation pathway to perform distinct functions in the
B cell response. In line with the concept of distinct follicular
helper functions, both the recently published data (26, 27) and our
present study show that iNKTgy cells induce, although they do not
sustain, specific Ab responses.

In conclusion, the cognate or noncognate mechanisms by which
iNKT cells can deliver help for B cell responses suggest that the
helper ability of iNKT cells is context dependent. From a trans-
lational point of view, our findings may have potential implications
both for the implementation of vaccine design and our under-
standing of the natural role for iNKTgy cells in the pathophysi-
ology of protective or autoreactive B cell responses.
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