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Abstract

NaturalKiller T (NKT) cells are a functionally diverspopulationthat recognizelipid-based
antigensin_assaociation withthe antigen-presentingnolecule CD1d.Here we define a
techniqueto.separatehe functionally distincthymic NKT1, NKT2 and NKT17cell subsets
by ther surfaceexpression of CD2791COS) and the activatiorassociatedylycoform of
CD43 enablingthe investigation o$ubsetspecific effectoiffunctions We reportthat all three
subsets express the transcription factor GATandthe potential to produce H4 and I1-10
following activation. Thigquestionghe notion that NKT2 cells are tipeedominansource of
IL-4 within_the NKT cellpool, andsuggestshatIL-10-productionmay be more indicative of
NKT cell plasticity tharthe existence of a distinotgulatorylineage orsubset. V& also show
that many NKTL7 cells are CD4+ and are biased towafi3/TCR gene usage. Lastlye
demonstrate thahe toltlike receptor(TLR) ligand lipopolysaccharid€LPS) can inducea
NKT17 cell-biased responseven in the absence of exogenamigen and thatcombining
LPS with a=GalCer resulted inenhancedlL-17A-production,and reduced levels dhe
immunauppressivecytokine IL-10. This study provides anovel meansto examine the
context-dependenteactivity of the functionally heterogeneoulslKT cell populationand

provides important new insight into the functional biology of these subsets.

INTRODUCTION

Natural Killer T (NKT) cells area CD1drestricted populatiopresentin mice and humans
with broad funetional activityincludingthe production of Thl, Th2 and Th4ype cytokines
[reviewedwin (1)]. This is reflectedby their contributionto a diversearray of disease
including infection, autoimmunity allergy and cancefreviewed in(2)]. Despite this broad
functional scopelNKT cells exhibitlimited TCR sequenceéliversitydue to the expressiaf a
largely invariant TCR a-chain, paired with a constrainedselection of TCR Vj-genes

[reviewed in(3)]. These cells are highly activated by certattinked glycolipid antigens, the
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bestknown example beinga-GalactosylCeramide afGalCer). Moreover, it is well
established thastructurally distinctsynthetic analoguesf o-GalCer canimpact on the
balance of Th1/Th2ype cytokinesproducedfollowing in vivo glycolipid administratiof”
Although individual NKT cell TCR usage has the potential to influence the recoymti
CD1d in“an“antigelependent mannef™° there is no evidence of selective activation of
functionally discreteNKT cells when challenged with specific glycolipaatigens. Therefore,
while a desirable goal for more tailored NKT cell baskdrapiesmechanismghat could
potentiallyinduce subsespecific activation within this functionally heterogenepogulation

remainunknown.

Whilst the effectoffunction of distinct NKT cells has been investigatéy exploiting their
differential transeription factorexpressiort! the cell-destructivenature of thisintracellular
labelling procesdimits the potentiato carry outany additional functional analysi Recently
the variableexpfession of CD122 and CPZor NK1.1, CD4, and CD2% amongst NKT
cells hare beenusedas surrogatesor transcription factostaining However these strategies
are unable tatringently isolate functionally discreseib-populations, thereby compromising

theattribution'of ensuingresponses

In this 'study we show that segregatinthymic NKT cells based ortheir differential
expression of«CD279 @OS) and the activatieassociate glycoform of CD43mediates strict
separation ofNKT1 (T-bet+, RORT-), NKT2 (T-bet; ROR/T-) and NKT17 T-bet,
RORyT+) eells. Using this approach, our findings havevealed clear differences in
activation and. IFNy and IL-17 production followingantigenc stimulation in direct
correlation with theilassociated CR expression levelyet conservedL-4, IL-10and 1L-13
cytokine produectioracrossotherwisefunctionally distinct NKT cells. Furthermorewe show
that thempresence of th&LR4 agonist LPSskews the NKT cell cytokine responseby
preferentially stimulating NKT17 cellswith or without a-GalCermediated stimulation,
whilst limiting production of the immunoregulatory cytokirke-10, suggesting that the

context of activatiommaybe a key factor in shapirtge NKT cell response

RESULTS

Functionally distinct NKT cell subsets can be distinguished by cell-surface phenotype
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NKT cells producea broad range otytokinesincluding IFNwy, IL-4, IL-10 and IL-17
following activation[reviewed in (1)], andthis diversity is in part thought to reflectthe
existence oflistinctsubsets that differ in their transcription fagioofiles™ ** We foundthat
the relativelevels ofthe 130KDa highly glycosylatedsoform of CD43(CD43HQ and the
inducible“eestimulatory receptor ICOS (CD278) segregatteginic NKT cellsfrom BALB/c
mice into( 3 clear subpopulations (Figure &), which exhibited markedly different
transcriptionfactor expressioprofilesthat align with the previously described NKT1, NKT2
and NKT17 cell subsetss defined in Lee et al 201Bhus,CD43HG- ICOS® NKT cells were
T-bet+ RORyT-NKT1 cells; CD43HG™ ICOS+ cells were Pet-RORT-, correspondingo
NKT2 cellsvandCD43HG+ ICOS+NKT cells wereT-bet RORyT+ aligning with NKT17
cells(Figure B-b).

NKT1 cells"have been reportedfasing low to negative foexpression of the Thassociated
transcription*factorGATA-3 when assessed imelation to DP thymocytes' however DP
thymocytes are known texpress variable levels of this transcription factae foundthat
GATA-3 wasclearly expressed by athymic NKT cell subsetsn comparisonto GATA-3—-B
cellswithin this organ(Figure I).

Another key_transcription factor that is thought to distinguish NKT cell subsetsZis.®
Differences«+nPLZF expression levelbetween subsetwere more distincthan GATAS3,
with NKT1 cells being PLZE, NKT2 cells PLZE and NKT17 cells PLZE (Figure k), in

accordance with previous repatt™?

Prior attemptgo identify functionalNKT cell subsets via their surface phenotyyeerelied
on the premise’that NKT17 celladk CD4 expression?® ** ° Despite thiswe consistently
found CD4+ NKT17 cellsvithin the thymus and lymph nodes of BALB/c and 8576 mice
(Figure M-g), suggesting th&D4 expression isot stringently linked tdNKT cell function.

Whilst NKT1 cells were relatively rare in the thymus of BALB/c mice (~5%), they were the
major population (>90%) in C57BL/6 thymus, consistent with previous reforts.
Furthermore, essentially all NKT cells in the liver of both strains were NK&lls
(SupplementarysFiguréab). In contrast, peripheral lymph node NKT cells in BALB/c mice
were biased towards the NKT2 subset while those in C57BL/6 mice were biased towards
NKT17 cells (Supplementary Figurea-b). These experiments highlighted the strain and

organspecific representation of these functionally distinct NKT cell subsets.
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The correlatiorbetween CD43HG and ICOS expression #raltranscription factoprofiles

of NKT cellswasclearesin BALB/c thymus;however a similar, albeit less stringenpattern

was observed in peripheral tissues such as of this gBajppgementaryFigure I-e). For
C57BL/6 NKT cells, while the pattern of ICOS expression was the same as in BALB/c mice,
CD43HG*wasmore promiscuous showing bimodal expression on Nldmd NKT2 cells,
whereas NKT17 cells were CD43MACOS+, similar to BALB/c mice(Supplementary
Figure 1c-& Theséfindings expand upon previous repbitdandreveal complex tissue and

strainspecific factorghat regulate the distributiasf functionallydiscreteNKT cells.

CD43HG and ICOS expression alignswith differential NKT cell effector-function

We next sought to establish whether NKT cell subsets defined by their levels of CDAGHG a
ICOS showed differential cytokine production in accordance with their unique fiwsTr
factor expression. Thymocytes were enriched for NKT cafld stimulated in vitro for 4
hours with PMA<@and ionomycin in the presence of GolgiStop, and the productiondofill=
10, IL-13, IL-17A and IFNy amongsta-GalCerloaded CDleetramer+ TCIR+ cells was
assessed via intracellular cytokine staining (IA8).line with their distinct transigtion
factor profiles (Figure 4, CD43HG ICOS° (NKT1) cells produced high levels of IFN
v (>60%). CD43HG+ ICOS+ (NKT17) cells produced high levels ofllLA (>80%), whereas
CD43HG™, IC@S+ (NKT2) cells produced very little of either IFNor IL-17A (Fgure 2a-
b). While=€D43HG" ICOS+ cells did produce W, as expected for the NKT2 subset,
CD43HG+ ICOS+ (NKT17) cells produced similar amounts o#]lwhereas the CD43HG
ICOS® (NKTd)ssubset produer the lowest levels of 4. Importantly, bydouble ldelling
for IL-4 with TFNxy or IL-17A, we showed that boffade IFN-y-producing NKT1 andL-17-
producing NKT17 ells (rather than contaminating NKT2 c&Ngereproducers of Ik4. The
Th2-associated cytokine HL3 was also produced by each NKT cell suba#igeit most
abundantly, by CD4% ICOS+ (NKT2) cells (Figure&b), whereas IL10production was not
detected from any subset in thebertterm stimulation assays.

We also tested cytokine production by NKT subsets following antigdratienge witho-
GalCer.gThymic NKT cells were purified by flow cytometric sorting based on their
differential CD43HG and ICOS expréss (Figure 3), labelled with CellTrace Violet and
co-cultured with 4.18-/- splenocytes (that lack NKT cells) as a source of anfuyeseting
cells, pulsed overnight witlu-GalCer (DO ng/ml). After 48 hours the final 4 hours in the
presence of GolgiStop, the production of4LIL-10, IL-13, IL-17A and IFNy cytokines
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were assessed via ICS (Figurb-@. Differences in IFNy and IL-17A-production were
consistent with the PMA and ionomyeaimduced cytokine production (Figure 2) and the ex
vivo transcription factor expression (Figura) bf each NKT cell subset. Thus, CD43HG
ICOS° (NKT1) cells were the prominent IFNproduces (~15%), CD43HG+ ICOS+
(NKT17)"eells"produced the most-IL7A (~13%), whilst the CD43HE ICOS+ (NKT2)
subset produced very little 1%) of either cytokine (Figurelc). Notably, all NKT cell
subsets produced & and 1-13 in these cultures, suppodirthe fact that RO or T-bet
expression.does not preclude the production of-ffp2 cytokines by NKT cells. The €o
productiongof 11:4 with IL-17A and IFNy was also detected from-GalCerchallenged
thymic NKTeeells upon restimulation with PMA and ionomycin (SufgmentaryFigure 3,
and from peripheral NKT cells eithexx vivo or following in vitro activation witlw-GalCer
(SuppementaryFigure 3. Despite 1:10 not being detected from &wo thymic NKT cells
(Figure 2, proliferating cells fromeach subsewere clearlyproducingthis cytokineby 48hrs
(Figure 3Bbe€);suggesting that this phenotype is rapidly acquired followinGalCer

mediated activatigiregardless of the ability of these cells to produce other cytokines.

Functionally distinct NKT cell subsets show distinct TCR expression

The ®gregationsoBALB/c thymic NKT cells based on their transcription factor expression
also revealed _marked differences in TCR expression levels. Whereas, NKT1 cells were
TCR®, NKT2'¢ells were TCR andNKT17 cells were TCR' (Figure4a-b), whichcorrelaed

with differences in CD3 expressioamong BALB/c thymic NKT cell subsetsreported
recently*? This“trend wasalso reflected in C57BL/6 thymysalthoughless prominently
compared/to BALB/cInterestingly, TCR and PLZF expression levels were tlasmrelated
among NKT cells(Figure 49, suggesting that themmay beco-regulated during the thymic
differentiation processThe T-bet- RORyT- (NKT2) subsetalsoexpressedthe highestlevels

of TCR within peripheralymph nodesf BALB/c and C57BL/6 micéFigure 4d) However,

in contrast:testhymic subselgmph nodeNKT1 and NKT17 cellshowedcomparableTCR
expressiondevels both straingFigure 4d),suggesting thathe TCR expressiotevels may

be modulated following thymiegressinterestingly, differences in TCR expression levrls
the C57BL/6strain were more noticeable in the periphery (Figud, £ompared to the
thymus (Figure 4b).

Differences in TCRY; gene usage were obsenaaong(BALB/c) functionalthymic NKT

cell subsetsn accordance witla previous report' For example, NKT1 cells were biased
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toward \PB7 expression, whereas NKT2 cells were biased towap@yMgure ). However,
while VP8 expressiowas previouslyreported as unbiased amongst NKT cell subSeie
found that NKT17 cells were significantly biased towards the expressionB8f3VA

potential explanation for these conflicting data is thatgresence of anti38.3 canseverely
inhibit a-GalCerloaded CD1eetramer binding; therefore, tladbility to detectvV38.3+ NKT
cellscan varyconsiderably based dhe staining techniquemployed (SuppmentaryFigure
4). Thesedata,support an association between TeZBression leveland TCR-V[3 usagein

the divergent.developmeat functionally distinctNKT cells.

TCR expressionlevels correlate with antigen-reactivity

To determinewhether the differential TCR composition and expression &welsgstNKT

cell subsets‘impacted on their proliferative response to antigen, these cells were separated,
labelled with CellTrace Violet, and stimulated witll8-/- splenocytes as antiggmesenting

cells pulsed withu-GalCer (100 ng/ml) in vitro and the extent of proliferation assessed at 24,
36 and 48hr timgoints (Figure §). While very little proliferation was seen for any subset at
24hrs, by 36hisithe majority of CD43HGCOS+ (NKT2) cells had divided, residing in the
first or second proliferativgenerabns. In contrast, most CD43HG+ ICOS+ (NKT17) cells
had undergone“only one division, whereas CD43HI®S® (NKT1) cells remained mostly
undivided. The majority of NKT cells from each subset were proliferating by 48 hours,
however, the division index, which gauges the extent of proliferation within each sample
exposed a hierarchy of CD43MGICOS+ (NKT2) > CD43HG+ ICOS+ (NKT17) >
CD43HG T1COS°® (NKT1). The variability in proliferative responses observed correlated
closely with the relative differences in TCR expression levels between NKT cell subsets
assessed following sepurification (Figure %). These datguggest that the kinetics of the
NKT cell ‘response to CDlrbstricted antigen may be influenced by sulspefcific

differences.in. TCR expression.

The context of activation impactsthe NKT cell response

To examine ifvarying thecontext of activation codlimpact subsespecific response®KT
cell-enriched thymocytes were labelled with CFSE andwtured with d&18-/- splenocytes,
pulsed with LPS (100 ng/ml) and/arGalCer (100 ng/ml) for 48 hours, by which point TCR
expression levels were recover@lpplementary Figure 5for the final 4 hourscells were
cultured withGolgiStop alongor restimulated with PMA and ionomycin for 4 hoursthe

presence of GolgiStosplenocytes pulsed withPS aloneinduced NKT cell expansioand
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the production ofL-17A (Figure &-c). In contrast, cells stimulated withhGalCerdisplayed
a heterogeneous cytokine response, including the productiordofill-10, IL-17A and IFN
v (Figure 6ed). Although the combination of LPS anrdGalCerdid nottypically enhance
NKT cell proliferation compared toa-GalCer alone(Figure 6ab), LPS did enhancethe
production of 1z17A, whilst reducing the levels of 110 (Figure &-d). Importantly,the IL-
17-bias induced by LP®xposurewas more notable following®MA and ionomycinre-
stimulation (Figure &-f), supporting thepossibility that thepresence OLPS was havinga

subsetspecific impact

To investigate If functional responseschanged in a dosdependent manneNKT cell-
enriched thymecytes wergtimulatedwith titrating doses ofx-GalCer Q, 1, 10 and 100
ng/ml) withher without LPS (100 ng/mland therre-stimulated with RIA and ionomycin
Although theextent ofproliferation of NKT cells was similar in response t&.PS alone and
the lowestdose(1ng/ml) of a-GalCer(Figure 7ab), thefunctionality of respondingcells was
clearly distinct Whereas, the majority qgdroliferating NKT cells in response to splenocytes
pulsed withLPS alonewere IL-17A-producers, thoseesponding tax-GalCer (1 ng/ml) were
predominantly IL-10-positive (Figure 7c) Interestingly, in the absence of LP&e
percentage'of*llz-10-producingNKT cells was inversely correlated with thdose of a-
GalCer (Figure«~7d) FurthermoreJL-17A productioninduced by LPS wasost evidentat
lower dosesof a-GalCer Importantly, IL-10production was blunted by the presence of LPS
regardless.of the concentrationeafGalCer(Figure 7d) suggestinghat theinduction of IL-

10 is dependent on tletivatiorcontext

To identifywhether ashift towards 1-10-production coulalsobe detectedrom peripheral
NKT cells/ lymph node(C57BL/6) cells werecultured for 72hrswith titrating doses ofr-
GalCer Thecytokineprofile of NKT cellswasthenexamined following®MA and ionomycin
re-stimulation Although tie concentration af-GalCerclearly influenced the extent dfKT
cell expansion|L-10-producingcellsweresimilarly detected at all dosewhilst beingbarely
detectabldromsunstimulatedcells (Figure 7¢. Notably, IL-104producing lymph node NKT
cells displayed broad functionalityyhich includedthe co-production of 1l-4, IL-17A and
IFN-y (Figure 7f) These data illustratthe potential for functionally dissimilathymic and

peripheraNKT cell to co-producelL-10 following TCRmediated activation.

The presence of LPSinduces NKT17 cell proliferation
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To examinghe correlatiorbetween the presenceld?S andhe biased production of {L.7A
by NKT cellsin a more refinedway, thymocytes wereenriched for NKT cells(via the
complemenimediated depletion of immature thymocytesnd purified by flow cytometric
sorting based on CD43HG and ICOS expressabone tosegregatehymocyte populations
containingeitherNKT1, NKT2 and NKT17cells. This is a major advantage of having cell
surface markers for these subsets, because in vitro culture experimertsiatoog possible
if the cells'had been permeabilised for transcription factor staining. Thymocytesalated
in these experiments withut a-GalCerloaded CD1dtetramer staining to avoid TCR-
mediatedstimulation These populationswere then co-cultured with 418-/- splenocytes,
pulsed withaP§100 ngml) with or without alow concentration oé-GalCer (1 ng/ml)The
extent of CellTrace Violet dilution amongstGalCerloaded CD1leetramer+ TCR+ cells
was then assessedafter 72 hours CD43HG+ ICOS+ (NKT17) cellsshowed robust
proliferation in response to LA%Ised splenocytesvhereas CD43HGICOS® (NKT1) and
CD43HG" 460S+ (NKT2) cellsdid notrespondFigure 8a-b).Further, the addition of LPS
enhanced ithe=GalCermediatedproliferation of NKT17 cells, but not theKT1 or NKT2

cell subsets.

These data@emonstrate howhe presence afertainpro-inflammatorystimuli canpotentially
shapeNKT cell'respones This approach also highlightee utility of segregating thymic
NKT cell'subsetdy their expression of CD43HG and ICOS for functional anslysi

DISCUSSION

To fully explorethe contribution ofunctionaly distinct NKT subsetgo immunity requires
methods_to._viablyisolate these cells rather thanrelying on the destructiveprocess of
intracellulartranscription factor stainingPreviously, examining the function &KT cell

subsets sing PLZF and RORT staining required IL-4-reporter miceto investigatethe

subsetspeéifieproduction of this cytokire whichled to theconclusionthatNKT cells were
segregated” intolFN-y-producing NKT1 cells, IL-4-producing NKT2 cells and H17-

producing NKT47 celld* However, nore recentechniquesdesigned to isolatéunctional
subsets ¥ their surface phenotypdsave indicated thaft -4-production § not restricted to
NKT2 cells***3 Further, we have shown bgeparatinghymic NKT cellsvia their differential
CD43HG and ICOS®xpressionthat similar levels of 1l-4, IL-10 and Il-13-productionare
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detectablerbm NKT1, NKT2 and NKT17 ce#l - the true extent ofvhich only beingevident

whentheir cytokine outputvas assessetbwnstream of TR-mediatedactivation.

However the value of any such methodology isliant onthe stringency with which it
purifies targetopulationsFor examplethe segregation dfIKT cells based otheir CD122
and CD4 éxpressioisolates'NKT2’' cells that clearly producelL-17A,* likely due to the
detection ofCD4+ NKT17 cellsdemonstrated hereitdowever we found thatNKT2 cells
purified based on their CD43HG and ICOS expression produced negligible leveld DAL
In addition, the usef NK1.1, CD4, and CD27 expression pgarify ‘NKT2' cellsisolateda
population that @ntaired an undefinegroportion é T-bet+ cells® thatby definition are not
NKT2 cells* These data suggetiatidentifying NKT cell subsets byheir relative levels of
CD43HG and ICOS®xpressiorrepresents anore precisemeansto isolate and explorehe
individual functianality ® NKT1, NKT2 and NKT17 cellsThe data also demonstrate that the
term ‘NKT2' is potentially confusing, because these cells are no better than &¢KNKT17

cells at producing 1#4 or IL-13following activation.

Co-expression, othe T cell'lineage defining’ transcription factors GATA and T-betby
NKT1 cells,andGATA-3 andRORyT by NKT17 cells provides a explanation forthe co-
production ofil=-4 by these populations, although it is unclear why @dymeNKT cells
producelL-4 when all of them express GATA While direct and indirectmolecular
interactionsthat influencethe activity of GATA-3 and TFbetwithin co-expressing cellbave
been describetl the means thatcontrol the cytokineoutput of NKT1 cells remainunclear.
Similarly, mechanismghatmay regulatehe differentialexpressiorof GATA-3 and RORT-
associated.genewithin NKT17 cells have notbeen identified Thus, establishinghow
environmentacuesmay impactthe activity of thesetranscription factain both NKT1 and
NKT17 cells®-is requiredin order to fully appreciatethe inherendiversity, and potential

functionalplasticity that exists withirthesebroadlydefined subsets

Whilst thesmarkersCD43HG and ICOS were usedin this studyas ameansto segregate
functionally distinct subpopulationsof NKT cells ICOS is a costimulatory molecule that
interacts withB7-H2 (CD275), an interactionimportant forthe expansion andunctional
maturation of thymic NKT cells® CD43existsin at least two distinct glycoformsyhile the
115kDa formis expressedy all T cells, expression of the 130kDa highly glycosylated
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isoform (CD43HG)is reportedly restricted toactivated Tcells and DP thymocyte®: %
Following the positive selectionof MHC-restrictal cells distinct TCR usagecan correlate
with the differential downregulation of CD43HG,suggesting thatontrastingselection
eventsmay impacbn CD43HGexpressionevels®* Both glycoformsof CD43 are ligands for
Galectind; an=apoptosignducing molecule expressed by a range of cell types including
thymic epithelial\cell$* Furthermore CD43HG is also a ligand for-electin, an interaction
that has beef réported foromote Thl cellmediated inflammatory sponse$® Thus, an
important aredor future studyis whether the differential expression IGfFOS and CD4BG

by NKT cellsublineages relagdo thedistinctdevelopmeral requirements and/or functional

potential of.these populations.

Exploring how the functionally diverse NKT cell pool respenander dferent conditions §
key to understand their naal role during diseasand toprovide insighto moreeffectively
manipulatethis populationin the clinic Here we provide evidence that the NKT cell
population‘can respomfeciselyand appropately to different formsof antigenicstimuli. For
example whilstproduction oflL-10 was undetectablérom naive NKT cellswe found that
challenge wh'CD1drestricted antigeerlicited productionof this immunoregulatory cytokine
from otherwiseunctionally dissimilarNKT cells These dataaise the possibilityhatIL-10-
produdion by.NKT cellsmay, at least in some circumstancespresenactivatedNKT1, 2 or
17 cells, father thanthe existenceof a distinct regulatory subsebf NKT10 cells®
Importantly, acquisitionof IL-10 productionwas blunted whenNKT cells were challenged
with a-GalCerin combination witithe TLR ligandLPS,whilst conversely, LPS enhaadthe
production ofIL-17A by NKT cells, regardless of the presenceceGalCer Indeed by
isolating thymieNKT1, NKT2 and NKTZ cellsvia their M43HGand ICOS expressiomwe
show that exposing antiggmesenting cells to RS alonewas sufficient tcelicit specifc and
robustpreliferation of NKT17 cells, demonstrating how the environmental context can shape

the response of the functionally heterogeneous popusadbNKT cells

In conclusion, he discovery that functionally diversaymic NKT cells can bespecifically
identified, andwpurifiedas viable cellsbased ontheir CD43HG and ICOS expression
representsa novel means toinvestigate bw combinationsof different biological inputs
impact NKT cell developmentind function, and should enhance our understandingthar

contribution to the immune response.
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METHODS

Mice

C57BL/6 mice were bred ihouse at the Department of Microbiology and Immunology
Animal House. BALB/c mice were breid-house or obtained from the Animal Resources
Centre Melbourne,Australia BALB/c Jo18-deficient mice were bred 4house (originally
provided, by..M.. Taniguchi; backcrossed 10 times). All procedures were approved by the

University of MelbournéAnimal Ethics Committee.

Glycolipids

a-GalCer ((C26) was purchased from Enzo Life ScienceGalCer (C24:1)/PB&4 was
kindly providedsby Prof. Bul SavageBrigham Young UniversityUT, USA For in vitro
cultures glycolipid stocks were prepared using Tweenh28ed[0.5% (v/v) Tween 20,
sucrose (56 mg/ml), and-histidine (7.5 mg/ml) in PBS] vehicle reagent. For CBdilamer
manufactureglyeolipid stocks were prepared in TyloxafiEised vehicle (0.5% Tyloxapol in

TRIS-buffered saline) reagent.

Flow cytometry and antibodies

Single cell"suspensions were prepared frommymocytes enriched for NKT cell via
complementmediateddepletion of antHSA and antiCD24 labelled cellsfollowed by
Histopaque-1083SigmaAldrich) gradientcentrifugation;hepatic mononuclear celfsibject
to red blood=cell lysis (Sigmaldrich) and 33% isotonicPercoll (GE Healthcajegradient
centrifugatien_or pooled lymph nodes (cervical, brachial, axillary and inguinahtibody
cocktails includedr-GalCer(C24:1)PBS444oaded CD1ldetramer, 7aminoactinomycin D
(Sigma) and amCD16-CD32 (clone 2.4G2; grown {ihouse).mAbs against CD4 (clone
RM4-5), CD19 (clone 1D3), B220/CBR (clone RA36B2), ICOS/CD278 (clone 7E.17G9),
BTCR (clone H57597), NK1.1 (clone PK136),L+4 (clone 11B11), IE10 (clone JES-
16E3), IL-17A (elone TC11)|FN-y (clone XMG1.2) VB2 (B20.6) VB7 (TR310) Vp8.1/8.2
(MR5-2)“and \$8.3 (IB3.3) were purchased from BD Biosciences. mAbs against3L
(clone eBi0l3A), Tbet (clone eBio4B10), ROR (clone B2D), GATA3 (clone TWAJ) and
PLZF (clone Mags.21F7) were purchased from eBg&rmes. mAb against the 130kDa
glycoform of CD43 (clone 1B11) was purchased from BioLegend. Intracellular cytokine

staining was performed using BBiosciencesCytofix/Cytoperm kit. Intranuclear staining
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was performed usinghe eBioscience transcription factor staining buffer set.-soeting
experiments were permed using a BD FACS Arialll Flow cytometry experiments were

performed using a BD LSR Fortessa, and analysety FlowJo software (TreeStar).

In vitro proliferation assays

Splenocytes fromadl8-/- (BALB/c) mice were pulsed overnight witi-GalCer(1, 10 or100
ng/ml) and/or LPS(100 ng/ml) in 48well flat-bottom plates (3 x fOcells per well),
harvestedtand washed with fresh media. Wijjge (BALB/c) thymocytes were enriched for
NKT cells by cenplementmediateddepletion of antiCD24 and antiCD8-labelled cells, with
dead cellsheingremoved via Histopagu#083 gradient centriigation. Thymic NKT cells
were sorpurified based oMCRB and a-GalCer PBS44)doaded CDletetramer staining,
and CD43HG and ICOS expressiofsort purities> 99%), labelled with 1uM CellTrace
Violet (Invitrogen) and incubated for 10 min at°87 x18-/- (BALB/c) splenocytes (3 x 10
per well) and=sorpurified cells (1 x 1bper well) were then coultured in 96well round
bottom plates«ln some experimenKT cell-enriched thymocytes were sorted based on
CD43HG and 1ICOS expression alone (sort puritte98%), then labelled with 1 uM
CellTrace Violét. a18/- (BALB/c) splenocytes (3 x fOper well) andFACS-purified
thymocytes+flx 10* (CD43HG™ ICOS+ and CD43HG+ ICOS+) a2 x 10° (CD43HG
ICOSo0)_per well] were co-cultured in 96éwell roundbottom platesUnsortedNKT cell-
enriched thymocytes were labelled withull CFSE (Molecular Probes Ju18-/- (BALB/c)
splenocytes (3 x Ter well) and NKT celenriched thymocytes (5 x 4per well) were then
co-culturedgin=96well roundbottom platesLymph nodecells were culturedin 96-well
roundbottom,plates (1 x foper well)in 120 uL media. The next day, 50 of media was
removed from each well and replaced with 10(f fresh media to limit the presence of

unprocessedntigen Cells were thewrultured for an additional 2 days prior to analysis

Cytokine analysis

Prior to intracellular cytokine staining (IC8x vivo or in vitro cultured cellsvere exposed

for 4 hrste,10 ng/mIPMA (SigmaAldrich) and 1 pg/ml ionomycin (SigmaAldrich) in the
presence oGolgiStop (BD Biosciences). Ex vivaepatic cells wereulturedin vitro for 4 hrs
with PMA, ionomycinin the presence of GolgiStop abh@0 nMP2X7R inhibitor A-438079
(Santa Cruz Biotechnoloyysed to maintairthe viability of hepatic NKT cell$®> Lymph
node culures were restimulated for the final 4 hrs with PMA and ionomycin in the presence
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of GolgiStop.Ja18-/- splenocyte an®KT cell-purified or NKT cellenriched thymocyteo-
cultures wereeither exposed to GolgiStop alorn@hrs) or re-stimulated ér thefinal 4 hrs

with PMA and ionomycin in the presence of GolgiStop.
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Figure Legends

Figure 1. CD43HG and ICOS are correlated amongst functional NKT cell subsgts. (
Representative plots of the CD43HG and ICOS expression am@@kB/c) NKT cells

from NKT celkenriched thymocytes (top), and R@Rand TFbet expression amongst the
indicated NKT_cell subset (bottom))(Representative plots of the segregation of function
NKT cell subsets based on their differential transcriptiactofaexpression (left) and the
CD43HG (middle) and ICOS (right) expression levels amongst the indicated NKT cel
subsets in relation to B cells and TR CD4+,a-GalCer (PB$44)1oaded CD1l1detramer

cells from NKI..cellenriched thymocytes (BALB/c)c). GATA-3 (left) and PLZF (right)
expressionyof. thymic (BALB/c) NKT cell subsets (gauged by thele@ and RORT
expression), Bicells and DP thymocytes. Data representative of at least 4 independent
experiments. d)“Plot depicts the CD4 expression amongst itidicated (BALB/c) thymic

NKT cell'subset(e) Graph depicts the percentages of CD4+ NKT17 cells from the thymus
and lymph.nodes of BALB/c and C57BL/6 mice. Data pooled from 3 to 10 independent

experiments (n=7-16).

Figure 2. Differential CD43HG and ICOS expression aligns with NKT cell cytokine
production. Thymocytes (BALB/c) were enriched for NKT cells and stimulated in vitr4 for
hours with. PMA-and ionomycin in the presence of GolgiStop, and the productiortofllL

10, IL-13slk-2/4A and IFNy was assessed via ICS) (Representative plots depicting the
percentages of the indicated NKT cell subset producing cytokineGfaph depicts the
percentages (meanSEM) of each NKT cell subsets producing the indicated cytokiaéa D

pooled from 3 independent experiments (n=6).

Figure 3. Cytokine production by NKT cell subsets following CDBdetdiated activationaj
NKT cells (left) were sorpurified from NKT celtenriched thymocytes (BALB/c) based on
their CD43HG and ICOS expmaen (right), labelled with CellTrace Violet and)(co-
cultured in vitro for 48hrs (the final 4hrs in the presence of GolgiStop) witB-J} (BALB/c)

This article is protected by copyright. All rights reserved



splenocytes pulsed overnight withGalCer (100 ng/ml) and the production of4l.IL-10,
IL-13, IL-17A and IFNy amongst NKT cells was assessed via ICS. Quadrants dissect
proliferating NKT cells based on CellTrace Violet dilution, and those cells producing the
indicated cytokine.d) Graph depicts the percentages (MeaS8EM) of proliferating NKT
cells fromeach subset producing the indicated cytokine. Data pooled from 3 independent

experiments (n=6).

Figure 4. Differential TCR expression levels and usages amongst functional NKT cell
subsets. d) Representative plots depicting the TEC&da-GalCer (PB$44)4oaded CD1d
tetramer staining intensity of NKT cedhriched thymocytes (BALB/c) based on their
expression of dbet and/or RORT (black) relative to all -AAD-, B220 thymocytes (grey).

(b) Graph depicts the levels of TBRxpression (median) amongst the indicated NKT cell
subset (white circles) from NKT cedinriched thymocytes (BALB/c) based on their geometric
mean fluorescence intensity (GMFI) relative to B3R CD4+, a-GalCer (PB$44)-loaded
CD1ldtetramer=cells (diagoal stripes) from individual mice. Data pooled from 7
independent iexperiments (n=143) Representative plot of the relationship between PLZF
and TCH expression amongst NKT cells from NKT eehiriched thymocytes (BALB/c)d
Graphs depiet:ICRexpressia levels (median) of the indicated lymph node NKT cell subset
relative io _TCR+, CD4+, a-GalCerloaded CDleetramer cells (diagonal stripes) from
individual mice the in BALB/c (left) or C57BL/6 (right) strains. Data pooled from 10
independent.experiments=16). €) Graphs depict the TCR usage (median) amongst the
indicated NKT ¢cell subset from NKT cedinriched thymocytes (BALB/c). Data pooled from

4 independent” experiments (n=12). Statistical significance assessed via Friedman test
followed by Dunn post-test comparisons (* p<0.05, ** p<0.001,3&*0.0001).

Figure 5. NKT cell subsets display differential sensitivity to CBrastricted antigen.aj

NKT cell subsets were sepurified from NKT celtenriched thymocytes (BALB/c) based on
their CD43HGand ICOS expression, labelled with CellTrace Violet and stimulated for 24, 48
and 36hrsswith a118-/- (BALB/c) splenocytes pulsed overnight wishGalCer (100 ng/ml).
Numbers on plots indicate the division index [the average number of cell divisedading

cells that failed to divide using FlowJo (Tree Star) software]; dotted lines indicate the
CellTrace Violet intensity of undivided cells. Data representative -@f iBdependent

experiments.l{) Graph depicts the division index of the indicated NKT aattiset following
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48hrs in vitro culture versus the relative TIC&pression levels amongst spdrified thymic

NKT cell subsets assessed prior to activation. Data pooled from 7 independent exserim

Figure 6. The presence of LPS biases the NKT cetbkine response. NKT cedinriched
thymocytes|BALEB/c (10-12 weeks of age)vere labelled with CFSE and -coltured with
Ja18-/- splenocytes pulsed overnight with LPS (100 ng/ml) andieGalCer (a)
Representative plots of the CFSE dilution amongst gili€d cells following 48hr co
culture Numbers on plots indicate the division ind@x) Graph depicts the division index
(Meanz SEM)=ef NKT cells stimulated for 48hrs witlw18-/- splenocytes pulsed withr-
GalCer alones(white), on-GalCer plus LPS (black)Data pooled from 5 independent
experiments./d) Plots represent the cytokine production amongst proliferating NKT cells
(based on_CESE dilution) assessed following 48hrsitro culture (the final 4hrs in the
presence of GolgiStop)d) Graph depicts th percentage (Mean SEM) of proliferating
NKT cells proeducing the indicated cytokine. Data pooled from 3 independent experifaents.
Plots representsthe cytokine production amongst proliferating NKT cells (base&SH C
dilution) assessed following 48hfie-stimulated with PMA and ionomycin for the final 4hrs
in the presence of GolgiStop)f) Graph depicts the percentage (MeanSEM) of
proliferating.NKT cells producing the indicated cytokine. Data pooled from 3 indepé

experiments:

Figure 7. TCR-mediated activatiomduceslL-10-producing KT cells. (a) Representative
plotsdepict he.CFSE dilution amongated NKT celldollowing 72hr coculturewith Jo18-/-
(BALB/c) splenocytes pulsed overnight with LPS (100 ng/ml) and/@alCer (1 ng/ml).
Numbers gnplots indicate the division indéx) Graph depicts the division index of thymic
NKT cells“challenged witlthe indicated dose ak-GalCerwith (black) or without LPS
(white). Data representative of 2 independent experimér)t®lots represdnthe cytokine
production amongst proliferatingymic NKT cells assessedt 72hrsfollowing re-stimulation
with PMA and_ionomycin for the final 4& in the presence of GolgiStofdl) Graphs depict
the percentages (Meah SEM) of proliferating NKT cellsco-cultured with splenocytes
pulsed witha-GalCer alone (white), os-GalCer plus LPS (black)roducing the indicated
cytokine following restimulation Data representative & independent experimentse) (
Representativeplots of the cytokine productionrdm peripheral lymph node (cervical,

axillary, inguinal and brachial lymph nod€57BL/6) NKT cells culturedfor 72nrs in the

This article is protected by copyright. All rights reserved



presence of the indicated concentrationaeBalCer following restimulation for the final
4hrs with MA and ionomycin in the presence of GolgiStffp.Plots represent the cytokine
production of IL-:10-producing lymph node NKT cells restimulated with PM\ and
ionomycin following culture witha-GalCer (10 ng/ml).Data represeative of 3 similar

experiments.

Figure 8. LPS specificallyinduces the proliferation dfiKT17 celk. (a) NKT cell-enriched
thymocytes were sogurified based on CD43HG and ICOS expression, without the use of
CD1dtetramerrandhenco-cultured with &18-/- splenocytes pulsed overnighitvLPS (100
ng/ml) andfere=GalCer (1 ng/ml) for 72hrs. Numbers on plots indicate the division index
based on CellTrace Violet dilution of gated NKT cells) Graph depicts the division index
(Mean =+ SEM) of the indicated NKT cell subset. Data pooled from 3 independent

experiments.

Supplementary-kigure L egends

Supplementary Figure 1. The tissuespecific distribution andCD43HG and ICOS
expression of functionally diverse NKT cell subsét$.Represetative plots of TCR anda-
GalCer (PB&44)1oaded CD1ldetramer and staining intensity amongsAD -, B220 NKT
cell-enriched thymocytes, hepatic lymphocytes and pooled lymph nodes (cervical, axillary,
inguinal and brachial) cells from individual BALB/c (left) or C57BL/6 mice (right), and the
T-bet and"RORT expression amongst gated NKT cells (bottorh). Graph depicts the
percentages=(median) of NKT cell subsets within NKT-esliched thymus (left), liver
(middle) and_poeoled peripheral lymph nodesn{mal, axillary, inguinal and brachial) cells
(right) fromrindividual BALB/c (white circles) or C57BL/6 (black squares) mice. Data pooled
from 3-28"independent experiments (R2T). Statistical significance assessed via Friedman
test followed by Dunn pogest comparisons (**p< 0.0001). ¢) Representative plots depict
CD43HG and ICOS expression amongst the indicated NKT cell subset (baseldebaid
RORYT expression) fromC57BL/6 thymus. d) Representative plots depict CD43HG and
ICOS expression of Ier-derived NKT cells from BALB/c (left) and C57BL/6 (right) mice
and @) peripheral lymph node (cervical, axillary, inguinal and brachial) NKT cells from
BALB/c (left) and C57BL/6 mice (right). Data representative of at least 4 independent

experiments.
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Supplementary Figure 2. Cytokine ceproduction bythymic NKT cell subsets. NKT cell
enriched thymocytes (BALB/c) were sort purified based tbeir CD43HG and ICOS
expression then eoultured for 72 hours (rstimulated for the final 4hrs with PMA and
ionomycin, in the presence of GolgiStop) wittulB-/- (BALB/c) splenocytes pulsed
overnight'witha-GalCer (100 ng/ml). Plots depict the production&fIC-17A, IFN-y and
IL-4 or (@ IL-17A, IFN-y and IL-10. Data representative of at least 3 independent

experiments.

SupplementarysFigure 3. Cytokine production of peripheral NKT cellsa)( Pooled
peripheral lymph node (cervical, axillary, inguinal and brachial) cells werailstied in vitro

for 4 hours with'PMA and ionomycin in the presence of GolgiStop and P2X7R inhibitor and
the production of Ik4, IL-17A and IFNy amongst NKT cells was assessed via ICS at Day 0
(left) and following 72hrs in vitro culture with (100 ng/miGalCer (right) the fial 4 hours

with PMAgieonomycin, GolgiStop and P2X7R inhibitor. Data representative of 4 similar
experiments=if)=Hepatic lymphocytes from BALB/c (left) and C57BL/6 mice (right) were
stimulated/in vitro for 4 hours with PMA and ionomycin in the presence of GolgiStop and
P2X7R inhibitor and the production of -4, IL-17A and IFNy amongst NKT cells was

assessed Via.lCS. Data representative ®frf8lependent experiments.

Supplementary Figure 4. The presence ofnéi-V[38.3 can inhibit CD1dtetramer staining
NKT cell-enriched thymocytes (BALB/c) were stained with angi8.3 first, theno-GalCer
loaded CD21etetramer (left), or antirVB8.3 and o-GalCerloaded CDldetramer
simultaneously”(middle), on-GalCerloaded CDledetramer first, then an¥38.3. Data

represendative of 2 similar experiments.

Supplementary Figure 5. Thymic NKT cells recover TCR expressidBhrsafter activation
(a) Representative plots of gated, CFSE-labelled NKT cell-enriched (BALB/c) thymocytes
following 48hrs” co-culture with Ja18-/- (BALB/c) splenocytes pulsed with LPS, a-
GalCer, LPSs& a-GalCer or vehicle control. (b) Representative plots of sorted, CellTrace
Violet-labelled thymic NKT cell subsets following 48hrs co-culture with Ja18-/-

splenocytes pulsed a-GalCer (100 ng/ml).
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