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ABSTRACT

INKT cells are a population of T cells with unigclearacteristics. In contrast to magt

T cells which recognize peptides presented by figldlymorphic MHC molecules,
INKT cells are reactive to glycolipids presented ®®1d, a non-polymorphic MHC-I
like molecule. Moreover, whereas MHC-restrictefl T cells bear highly variable
receptors (TCRs) formed after somatic recombinadibthe V(D)J gene segments, the
TCR of iINKT cells is formed by an invariantchain, which always contains the same
gene segments: AV14 and AJ18; angléain of limited BV gene usage: BV8S2, BV7
or BV2, in the mouse. This invariantchain is the reason for which these cells are
named “i” and the NK part of their name referstie expression of receptors typical of
natural killer (NK) cells. iNKT cells recognize glglipids of endogenous and microbial
origin. After activation they secrete large amounitsrery different cytokines such as
IFN-y and IL-4 and thus influence immune responses aibfogical conditions. One
of the most potent iINKT cell agonists, recognizedtie semi-invariant TCR, is the
synthetic glycolipida-Galactosylceramidenf{Gal). INKT cells can be visualized using
CD1d-multimeric complexes loaded withGal and flow cytometry, since this reagent
has enough avidity to stain these cells. Intergitirmouse iNKT cells can be stained
with human o-Gal-loaded CD1d oligomers and human iINKT cells adso be
visualized with mouser-Gal-loaded CD1d oligomers, indicating a high degid
conservation of the recognition @fGal presented by CD1d through evolution.
Previous studies showed that rats have the genesssey to build semi-invariant
TCRs: They have a CD1d homologue; one or two BV88#nologues and
interestingly, up to ten AV14 gene segments, whak highly conserved when
compared to the mouse genes. Importantly, it has lsbown at least for two of these
AV14 gene segments that they can produce invaf@Ra chains which, when co-
expressed with BV8-containing chains, react ta-Gal presented by rat CD1d.
Furthermore,ex vivo stimulation of primary splenocytes witlrGal results in the
secretion of IL-4 and IFN= Surprisingly, rat semi-invariant TCRs do not rgaize o-
Gal presented by mouse CD1d and accordingly, matSal-loaded CD1d tetramers
failed to stain a discrete population of rat iNKdlls. Taking all together, despite that
strong evidence suggested that iINKT cells are ptasdhe rat, the direct identification
of such population and the analysis of CD1d-restidmmune responses were still

pending for this species. Hence the work preseinté¢kis doctoral thesis was aimed to



identify INKT cells, to analyze their phenotype aaldo to study the distribution and
function of CD1d in the rat. For these purposes pnwluced essential reagents which
were still lacking such as rat specific anti-CD1droclonal antibodies and rat CD1d
oligomers.

Importantly, two of three anti-rat CD1d monocloaatibodies (all of them generated in
our laboratory before this thesis was initiatedyoarecognized mouse CD1d and
therefore allowed a direct comparison of CD1d esgimn between rat and mouse.
Whereas CD1d distribution in the hematopoietic aystwas found to be extremely
similar between these two species; in non-lymphi#sues important differences were
observed. Interestingly, CD1d protein was deteatawbt yet described sites such as the
rat exocrine pancreas and rat and mouse Paneth Thé#se monoclonal antibodies did
not only allowed the analysis of CD1d expressiar,dbso the first demonstration of the
function of rat CD1d as an antigen presenting mg&csince cytokine release in
response ta-Gal was blocked when they were adde@xeivo cultures of rat primary
cells.

Staining of primary rat iINKT cells (possible nowtlwithe newly generated rat CD1d
oligomers) revealed interesting similarities witlinian iNKT cells. First, we observed
that rat INKT cells are only a minority among alkR-P1A/B positive T cells. Human
INKT cells constitute also a very small proportiohNKR-P1A (CD161) expressing T
cells, whereas in mice inbred strains which expMsR-P1C (NK1.1), most of NKR-
P1C expressing T cells are iINKT cells. Secondntlagority of rat INKT cells are either
CD4 or DN and only a small proportion expresses [EO®&ese findings are similar to
humans and different to mice which lack COBKT cells. Third, analysis of various
inbred rat strains demonstrated different iINKT detiquencies which correlated with
cytokine secretion aften-Gal stimulation of primary cells. In comparison naice,
INKT cell numbers are markedly reduced in ratsF844 rats, inbred rat strain which
released the highest cytokine amounts aft€al stimulation, approximately 0.25% and
0.1% of total liver and spleen lymphocytes, respebt, are iINKT cells. In contrast, in
LEW rats iNKT cells were practically absent andtimei 1L-4 nor IFNy were detected
after stimulation of primary cells with-Gal. Once more, these frequencies are very
close to those observed in humans. Last, as reptwtehuman peripheral blood cells,
rat INKT cells could be easily expanded vitro by addinga-Gal to cultures of
intrahepatic lymphocytes, whereas the expansianafse iNKT cells was not possible

using the same protocol.



The presence of a multimember AV14 gene segmentyfamthe rat is an intriguing
characteristic. These AV14 gene segments are eglyehomologous except in the
CDR2u region. Based on the amino acid sequence ofelgiom they have been divided
into two different types: Type | and Il. A specifissue distribution of the different
types was proposed in the first study where thesgiree of several AV14 gene
segments was described. We also analyzed the A¥td gegment usage in F344 and
LEW inbred rat strains. In F344 rats we found nef@mential usage of either AV14
gene segment type in the spleen and the livenjpat it AV14 gene segments appeared
more frequently in the thymus. In contrast, LEWsrslhow a preferential usage of type |
AV14 gene segments in all three compartments aedlyrhymus, spleen and liver.
Taken all together, the usage of newly generatagenmets allowed to gain novel insights
into CD1d expression in the rat and in the mousktardirectly identify rat INKT cells
for the first time. The phenotypic and functionalalysis of rat INKT cells revealed
numerous similarities with human INKT cells. Thewe of special interest, since rats
serve to investigate several pathological condgtiorcluding models for autoimmune
diseases. The possibility now to analyze INKT calisd CD1d-restricted T cell
responses in the rat might help to understand #tkogenesis of such diseases. In
addition, the uncomplicateih vitro expansion and culture of rat iINKT cells should
facilitate the analysis of the immunomoldulatorpaaities of these cells.
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ZUSAMMENFASSUNG

INKT Zellen sind eine Population von T Zellen mihigen Besonderheiten. Anders als
die meistenap T Zellen, deren T Zell Rezeptoren (TZRs) fur varcipolymorphen
MHC Molekiulen prasentierte Peptide spezifisch siretkennen INKT Zellen
Glycolipide die von CD1d, einem nicht polymorphemH®& artigen Molekile,
prasentiert werden. Wahrend MHC-restringiedfe¢ T Zellen sehr unterschiedliche
TZRs haben, die nach somatischer RekombinationvV@@)J Gensegmente generiert
werden, besteht der TZR der iINKT Zellen aus eimeatiantena Kette und eineB
Kette mit einem limitierten BV Gen Repertoire (BVBBV7 und BV2 in Maus). Die
invariantea Kette, auf die das i im Namen der iNKT Zellen verst, enthalt in der
Maus immer AV14 und AJ18 kodierte V-Regionen. Da§ iN ihrem Namen verweist
darauf, dass sie haufig NK-Zell typische Oberflachelekiile exprimieren. iINKT
Zellen erkennen Glycolipide endogenen und mikrddmelJrsprungs und sezernieren
nach Aktivierung grof3e Mengen verschiedener Zykivie zum Beispiel IL-4 und
IFN-y. Auf diese Weise beeinflussen sie Immunantwort pathologische Zustande.
Eine der potentesten INKT-Zell-TZR Agonisten istsdaGalactosylceramidofGal)
und o-Gal beladene CD1d-Multimere ermdglichen es iNKTllete zu farben und
mittels Durchflusszytometrie sichtbar zu machere Bohe Konservierung der iNKT
TZR-CD1d Interaktion erméglicht es sogar, Maus iNEdllen mittelsa-Gal beladenen
humanen CD1d-Multimere zu farben.

Vorhergehende Studien zeigten, dass Ratten dieemaligen Gene fiur die Generierung
der semi-invarianten TZR haben: Sie besitzen eirnldCBiomolog, ein oder zweli
BV8S2 Homologe und bis zu zehn AV14 GensegmengeindiVergleich zu den Maus-
AV14 Genen hoch konserviert sind. Mehrere diesedAGensegmenten wurden mit
AJ18 zusammen rearrangiert gefunden und fir miedestwei dieser invariantan
Ketten wurde gezeigt, dass sie zusammen mit BVBadiender Ketten TZR bilden,
die von CD1d prasentiertasGal erkennen. Weiterhin wurde gezeigt, dass pemar
Ratten- Milzzellen und intrahepatische Lymphozyteich Kultur mita-Gal 1L-4 und
IFN-y sezernieren. Auf Grund dieser Befunde und dekataKonservierung der CD1d
Gene und der Gene, die die semi-invarianten TZReked, Uberrascht es, dass keine
definierte Zellpopulation von intrahepatischen BRialigmphozyten mittelso-Gal
beladenen Maus CD1d-Tetrameren gefarbt wurde. Zoeamgefasst kann gesagt
werden, dass die direkte Identifizierung der Zelend die Analyse der CD1d-
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restringierten Immunantworten in der Ratten noctamd, obwohl es starke Hinweise
fur die Existenz der INKT Zellen in dieser Art gdbfolgedessen sind die Ziele dieser
Arbeit: die Identifizierung der Ratten iINKT Zelledie Analyse ihres Phéanotyps und die
Untersuchung der CD1d-restringierten Immunantwortém diese Ziele zu erreichen,
wurden noch fehlende essentielle Reagenzien hetlgestie die ersten Ratten-CD1d
spezifischen monoklonalen Antikbrper und Ratten @Dligomere.

Zwei der drei charakterisierten monoklonalen Antfge€in erkennen sowohl Ratten
CD1d als auch Maus CD1d. Dies ermdglichte den threkVergleich der CD1d
Expression zwischen beiden Spezies (diese Antikbmpeden in unserem Labor vor
dem Anfang dieser Doktorarbeit hergestellt). Wabretie CD1d Verteilung im
hamatopoetischen System beider Arten &auf3erst &hnkt, wurden in nicht
lymphatischen Geweben sehr starke Unterschiedendeffu Interessanterweise wurde
das CD1d Protein auch an noch nicht beschriebetedlerswie im exokrinen Pankreas
der Ratte und in Paneth Zellen von Maus und Ragtebéchtet. Die monoklonalen
Antikorper erlaubten nicht nur die Analyse der CDXeérteilung, sondern auch den
Beweis der Funktion von CD1d als Antigen praseatides Molekul, weil die Zugabe
der Antikorper zuex vivo Kulturen von priméaren Zellen die Sekretion von aighen
bei der Stimulation mit-Galhemmit.

Farbungen von primaren Ratten iNKT Zellen, jetztgih durch die neu generierte
Ratten CD1d-Dimere, zeigten interessante Gemeinsigenk mit humanen iNKT
Zellen. Es wurde erstens beobachtet, dass Ratt€h A¢llen nur eine Minderheit unter
allen NKR-P1A/B positiven T Zellen sind. Dies ahngén humanen iNKT Zellen, die
ebenfalls auch nur ein sehr kleinen Teil der NKRARCD161) exprimierenden T
Zellen stellen, wahrend in Mausstammen, die NKR-RN&1.1) exprimieren, die
Mehrheit der NKR-P1C positiven T Zellen iNKT Zellemd. Zweitens sind die meisten
Ratten iINKT Zellen CD4 positiv oder doppelt negatiéihrend nur ein kleiner Anteil
CD83 exprimiert. Diese Befunde gleichen denen mit hummaniNKTs und
unterscheiden sich von Maus iNKTs, die immer @D&gativ sind. Drittens zeigt die
Analyse von verschiedenen Rattenstammen, dhnliehb@im Menschen, 10-100 fach
geringere Frequenzen von INKT Zellen als in der Mam F344 Ratten sind etwa
0.25% aller Lymphozyten in der Leber und etwa 04%r Milzzellen iNKT Zellen.
Wobei dies der Rattenstamm ist, der die grof3te Menan Zytokinen naclk-Gal
Stimulation produziert. In LEW Ratten, die keinet@kine nacho-Gal Stimulation

produzierten, konnten iNKT Zellen praktisch niclkeféybt werden. Schliel3lich konnten,
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wie bei humanen peripherischen Blutzellen beobactRatten INKT Zellen durch
alleinige Zugabe vor-Gal in vitro expandiert werden, wahrend dies mit Maus INKT
Zellen nicht mdglich war.

Eine faszinierende bislang nur in der Ratte geneaBlbbachtung ist die Existenz einer
AV14 Multigenfamilie, deren Mitglieder bis auf di€DR2 kodierende Region
hochhomolog sind. Basiert auf der Aminoséauresequiiager Region wurde diese
Familie in zwei Gruppen aufgeteilt: Typ | und IlieDerste Studie, in der diese zwei
verschiedenen Typen beschrieben wurden, schlug speeifische Gewebsverteilung
von AV14 positiven TCR vor. Wir haben ebenfalls Bienutzung dieser AV14 Gene in
F344 und LEW Inzuchtrattenstimmen analysiert urfdrgken, dass es in F344 Leber
und Milz keine Préaferenz fur einen bestimmten AV gibt. Jedoch wurde der Typ
I haufiger in F344 Thymus gefunden. Im Vergleickigen LEW Ratten eine
bevorzugte Benutzung des Typ | in allen analyse®eweben (Thymus, Milz und
Leber).

Zusammengefasst kann gesagt werden, dass diese $titdHilfe neu generierter
Reaganzien neue Erkenntnisse zur CD1d ExpressidRaite und Maus gewonnen
wurden und erstmals eine direkte phanotypische funiitionelle Analyse von iINKT
Zellen der Ratte durchgefihrt wurde. Es wurden deghe von Gemeinsamkeiten
zwischen iINKT Zellen von Ratte und Mensch gefund2iese sind vor allem deshalb
von Interesse, da das Versuchstier Ratte fur e@leeR/on Autoimmunkrankheiten und
andere pathologische Zustande als Modellorganistierst. Es ist zu erwarten, dass
weitere Untersuchungen von CD1d-restringiertenefetier Ratte neue Einsichten in
die Genese dieser Krankheiten ermoglicht. Dartibatts sollte die in der Ratte
beobachtete einfach durchzufihrendesitro Kultur und Expansion von iNKT Zellen

eine Analyse ihrer immunmodulatorischen Eigensemadieutlich erleichtern.
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1 INTRODUCTION

The immune system protects an organism from irdasti via many different
mechanisms. Immune responses have typically baédedi into two types: innate and
adaptive, based on the need of a previous expaosure microorganism and the time
required to elicit a response. Innate immune resg®rare very fast and are generally
triggered after recognition of typical structurésised by many microorganisms such as
cell-wall components like lipopolysaccharide. Imtrast, adaptive immunity needs a
certain time to develop and has an exquisite cgpadistinguish between very similar
microbes and molecules. One additional charadee$tadaptive immune responses is
the development of memory responses, which imphgugh more rapid and efficient
response in the subsequent occasions in which thanism encounters the same
infectious agent.

Both, innate and adaptive immune responses havelazend soluble components.
Typical cells of the innate immune system are rzdtkiller cells, which after sensing
various alterations of the host cells elicit straygplytic signals which “kill” them and
phagocytes such as macrophages and neutrophilsshwingest and eliminate
pathogens. The exquisite specificity of the ad&ptmamune responses is achieved with
receptors and soluble molecules (antibodies) ofreaas variability encoded by DNA
sequences which are not present in the germline DMAwhich are produced after
somatic recombination. Basically, there are twofedé@nt cell types capable of
generating such non-germline encoded molecules:nB & cells, which differ
considerably in their modes of action. B cells proa antibodies which are secreted
forms of their surface receptors. Once secretetih@dies recognize structures of the
pathogens (antigens) and after binding can nemgralie infectivity of the microbes or
target (opsonize) them for elimination by variousamanisms. Immunity mediated by
antibodies is known as humoral immunity. In cort{rése responses elicited by T cells
are regarded as cellular immunity. T cells eliménat help to eliminate pathogens such
as virus which survive and proliferate inside tlostitells.

The division between innate and adaptive immunias lalso helped to study the
complex immune system. Nonetheless, the same o&digcules and mechanisms very
often have functions in both responses. One exaarpl@atural killer (NK) cells, which
are a main component of the innate immune systenalba exert effector functions in

adaptive immune responses such as in antibody-depémrell-mediated cytotoxicity.
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Moreover, some cells which by definition belongthe adaptive branch because they
express non-germline encoded receptors, such a¥ idékls or B1-B cells may have
innate-like modes of action as described later anendetail.

1.1 MHC-restricted and non-MHC-restricted T cells

The antigen receptors of T cells are formed by tlkains. Based on the molecules
which form these T cell receptors (TCR) there ave types of T cellsuf T cells,
which bear a TCR formed by anand af chain, andyé T cells, which bear a TCR
formed by ay and as chain. The enormous variability of these receptsrachieved
after somatic recombination of various gene segsnesriable (V), diversity (D) and
joint (J), which encode the domains which will cttthe antigen, namely, the variable
domains. These variable domains of theand y chains are formed by VJ
rearrangements and ffands by VDJ. The potential variability of these recaptds
enormous since there are multiple copies of eade gegment which encode different
amino acid sequences and in addition, non-gernaim®ded nucleotides are introduced
during somatic recombination in the junctional cew of these rearranged genes. The
most different amino acid residues of the differgene segments are localized in
specific regions named complementarity-determiniegion (CDR). There are three
CDRs in each TCR chain: CDRs 1 and 2 are encodatéby gene segment and the
CDR3 is the result of VJ or VDJ recombination.

In contrast to B cells whose receptors can direoigognize antigensyp T cells
recognize antigens which have previously been ggamk and which are presented by
specialized molecules called antigen presentingeoutés. Since TCRs are products of
non-germline encoded DNA sequences, T cells bearavgy generated TCRs have to
be selected in such a way that they will recogrsel-antigen presenting molecules
(positive selection and restriction) but will natact against self-derived molecules
(negative selection). Although the mechanisms lekhire not as well understood as for
T cells, B cells also undergo negative selection.

The restriction elements of T cells can be encadatbt in the major histocompatibility
complex (MHC) and depending on which is their liesobn element T cells can be
further subdivided. These different subtypes alaeehvery different functions which
are reflected in very different phenotypes. Thstfilivision that can be made is between
MHC-restricted and non-MHC-restricted T cells, miegnT cells which are restricted

by an element which is encoded in the MHC (MHC#ietsd) or which is not (non-
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MHC-restricted). The first antigen presenting males which were identified are
classical major complex histocompatibility (MHC) lmcules (Zinkernagel and
Doherty, 1974), but in the last two decades, otmeiecules capable of presenting
antigens such as CD1, HLA-E (H2-Qal in the mouseMR1 have also been reported
(Rodgers and Cook, 2005).

Classical MHC molecules present peptides to T cé&liere are two different types of
these classical MHC molecules: class | and claséhehceforth referred simply as
MHC-I and MHC-II). In addition, there are severablecules of each class which are in
general encoded by highly polymorphic genes. Thasdecules are codominantly
expressed, resulting in a very high variety of rooles expressed at the cell surface
which present many different peptides. MHC-I molesupresent cytoplasm-derived
peptides to CDBT cells, which mainly exert cytolytic functions carare therefore
commonly referred as cytotoxic T lymphocytes (CTUs) contrast, MHC-II present
peptides derived from extracellular compartmentg&civienter the endocytic-lysosomal
route to CD4 T cells. CD4 T cells are also known as T helper (Th) cells aose they
“help” other cells to elicit their effector functis by releasing soluble products or by
direct interaction of their cell-surface moleculegh cell-surface molecules on the
antigen presenting cell. One example among mankishelp is the IFN-secreted by
Th cells which stimulates macrophages to elimiiagested pathogens. CD# cells as
well as CD8 T cells can be further subdivided into more subskpending on the
products they release and the effector functioeg ttave.

There are otheuf T cells which are restricted to other MHC molesu{eon-classical)
encoded in the MHC such as HLA-E in humans and FRiM mice. These MHC-
molecules are regarded as non-classical MHC madecaihd present peptides of very
particular sources, such as signal peptides fromCMHholecules (Rodgers and Cook,
2005). Interestingly, HLA-E is also recognized byY%2/NKG2 receptors and is
involved in regulating NK-cell-mediated cytotoxicigBraud et al., 1998).

Under the definition of non-MHC-restricted T cefiglls any T cell which is not
restricted to antigen presenting molecules encadethe major histocompatibility
complex and therefore this group is enormously rogeneous, containingd T cells,
MR1-restricted mucosal-associated invariant T ddAIT cells) and CD1-restricted T
cells. Interestingly, despite heterogeneity of tiigsup these T lymphocytes share some
important characteristics which can be regardedypigal of innate responses: i) in

contrast to MHC-restricted T cells, which as redtdim somatic recombination and
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positive and negative selection the TCR repertairesexpected to contain ~2*18nd
~2*10" different specificities in mice and humans, resipety (Arstila et al., 1999;
Casrouge et al., 2000), non-MHC-restricted T cbksr invariant or semi-invariant
TCRs formed by particular gene segments and oftem iavariant joining regions,
making these receptors similar to pattern recogmiteceptors. ii) non-MHC-restricted
T cells are activated very rapidly within hourseaffirst antigen encounter, in contrast
to MHC-restricted T cells which first undergo clbexpansion, a process which takes
days and iii) these cells home to particular tisswehich are the first line of defense

against pathogens such as the skin and the irdestincosa.

1.2CD1d

1.2.1 CD1 family

Similar to MHC-I, CD1 molecules are glycoproteinspeessed at the cell surface,
which are non-covalently associated wfB-microglobulin and possess an antigen
binding groove formed by two of their three extiadar domains:al anda2. Despite
these structural similarities with MHC class | nmlées, they considerably differ in
other aspects (Brigl and Brenner, 2004; Kasmat.e2@09; Silk et al., 2008): i) CD1d
molecules are rather non-polymorphic whereas dak$HC class | molecules are
highly polymorphic, ii) CD1d proteins bind and pees antigens containing a lipid or
other hydrophobic moieties while MHC class | molesuaccommodate and present
peptides, iii) so far, CD1 genes have only beemtiied in mammals and chicken,
while MHC class | genes are present in all jawedel®ates and iv) whereas MHC-I
molecules are rather similar to each other witlpeesto function and expression, CD1
genes and molecules differ remarkably between edlcbr and between species in
number, expression pattern, type of presentedergignd mode of antigen loading.

In humans, the CD1 gene family is composed of fnembers CD1A, -B, -C, -D and -

E) which are subdivided into two groups based oratihéo acid sequence similarity of
theal anda2 domains of the encoded proteins (Calabi et 889). CDl1a, -b, and -c
belong to group 1; CD1d is the only member of gr@uand CDle cannot clearly be
assigned to either group. In contrast, mice arglpassess only representatives of group
2: mice have two CD1d orthologues (CD1d1 and CDX&2adbury et al., 1988) and
rats have one (Ichimiya et al., 1994; Kasmar e2809; Katabami et al., 1998). During

the past ten years, the role of CD1 proteins, extiepCD1le, as molecules presenting
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lipid antigens to T cells has been well establis{iyl and Brenner, 2004; de la Salle
et al., 2005; Kasmar et al., 2009; Silk et al.,&00

1.2.2 Expression of CD1d

CD1d is expressed in the hematopoietic system Isatia non-lymphatic tissues such
as the liver. Interestingly, its distribution varibetween different species (Brigl and
Brenner, 2004). In humans its expression in thedtepoietic system is more restricted
than in mice. Monocytes and circulating B cellsregs low levels of CD1d at the cell
surface, whereas among resting mature T cells GBXwardly detectable at the cell
surface although it seems to be intracellularlyesio after stimulation with
phytohemagglutinin (PHA) (Exley et al., 2000; Satara et al., 2001). Nonetheless, the
low levels of CD1d detected on monocytes seem tosificient to present-
galactosylceramideafGal) and promote proliferation of a T cell linepg#la et al.,
2000). In contrast to mature T cells, human corticpmocytes express high levels of
CD1d (Exley et al., 2000). In the mouse hematopomtstem CD1d1 is constitutively
expressed although surface expression levels vaong different cell types: Dendritic
cells, macrophages and marginal zone (MZ) B celisthe cells with highest levels,
followed by B cells and cortical thymocytes and seduently, by mature T cells
(Brossay et al., 1997; Park et al., 1998; Roarklet1998). Of the two CD1d genes
present in mice, CD1d2 is only expressed on thytescgnd is of limited functionality
with respect to antigen presentation and T ceictin (Chen et al., 1999). Notably, in
C57BL/6 mice a frame shift mutation prevents CD%d#face expression (Park et al.,
1998). Thus the functional orthologue is CD1d1.

In humans, CD1d expression outside the hematoposgstem has been detected in
parenchymal cells, vascular smooth muscle cellseagitthelial cells in organs such as
the liver, kidney and gut (Canchis et al., 1993pr&bver, it also has been detected in
Schwann cells of the peripheral nervous systemeflal., 2006) and in the skin (Bonish
et al., 2000). Interestingly, CD1d levels are iased under some pathological
conditions such as psoriasis and atherosclerosisig¢B et al., 2000; Melian et al.,
1999). In mice, the expression in non-lymphaticamgsuch as liver and lung has also
been reported (Bradbury et al., 1988; Brossay et 1£97; Mosser et al., 1991).
However, in other tissues like the intestine, thecise localization of CD1d molecules
is still a matter of debate (Brigl and Brenner, 200n spite of this, a recent study by

Blumberg and colleagues has demonstrated the iampmetof CD1d expression for gut
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function since pathogenic and non-pathogenic batietestinal colonization of CD1d-
deficient mice was increased in comparison to v§pe mice (Nieuwenhuis et al.,
2009). Paneth cells, in which CD1d mRNA has bedradted byin situ hybridization
(Lacasse and Martin, 1992), play a crucial rolecamtrolling intestinal homeostasis.
Localized at the bottom of the crypts of Lieberk[itirese specialized cells control the
microbiota content by secreting antimicrobial pees (defensins) into the intestinal
lumen. Interestingly, Blumberg and colleagues abowed that in CD1d knockout
mice, compared to wild type mice, the morphologyd aontent of the secretory
granules of Paneth cells were altered, and moreritaptly, that degranulation of these
cells was defective.

The actual knowledge about rat CD1d expressiomas&d on experiments using reverse
transcription-polymerase chain reaction (RT-PGR)situ hybridization or polyclonal
antiserum. These studies found CD1d to be widedyriduted within and outside the
hematopoietic system and, as in mice, high level€bld mRNA were detected in
Paneth cells (Ichimiya et al., 1994; Kasai et H897). In two additional studies mAbs
originally generated against mouse CD1d have beporited to cross-react with rat
CD1d. In the first study, the rat IgMs 1H1 and 3¢Bleicher et al., 1990) were shown
to bind a CD1d-like molecule which was detectedha liver but not in the thymus
(Burke et al., 1994). In the second study, reagtiof mAb 3H3 with rat thymocytes
and splenocytes was reported but not further iny&tstd (Mandal et al., 1998). Hence,
prior to our study, appropriate monoclonal antilesdifor the analysis of CD1d

expression and function in this species werersigising.

1.2.3 CD1d function: lipid antigen presenting molecule

As mentioned, CD1d function is to present lipidsTtaells. CD1d-restricted T cells
often, but not always, express receptors sharel matural killer (NK) cells and are
therefore named NKT cells (Godfrey et al., 20043. described in more detail in the
introduction section 1.3, NKT cells are dividedartype | and Il depending on the
genes used for the generation of the TiCghain and the reactivity of the TCRdeGal.

In this study and also in most of the publicationsat is commonly referred as
galactosylceramidea{Gal) is actually a synthetic analogue (termed KBOO) of the
naturala-galactosylceramide isolated from the marine spokggtas mauritianus in a
screening of natural anticancer medicines (Moritaale 1995).a-Gal is the first

glycolipid antigen described to be presented by €BAd is recognized by NKT cells
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with an invariant TCR chain rearrangement (type | NKT cells or INKT sell
introduction section 1.3) (Kawano et al., 1997)eDa its marine origin, it is difficult to
assign a physiological role ferGal. Nonetheless, its very potent capacity tovat
INKT cells makesa-Gal an indispensable tool to study and to “expltiis T cell
population. Moreover, the peculiarlinkage of the sugar (most mammalian ceramide
glycosphingolipids contain sugars in th@nomeric form) has helped to identify other
antigens presented by CD1d and numerous synthedilogues, recently reviewed by
Venkataswamy and Porcelli (Venkataswamy and Par@ei1.0).

Sincea-Gal was found, other lipid antigens from endogenand microbial origin have
been identified to be presented by CD1d and reeednby INKT cells. Glycolipid
antigens have been found in pathogen microorganssimis asi-glucuronosylceramide
(GSL-1) form the ubiquitous bacteriu§phingomonas (Kinjo et al., 2005; Mattner et
al., 2005) and diacylglycerols containing @finked galactose (BbGl-Il) frorBorrelia
burgdorferi, which is a Gram negative species causative ofd gmease. Furthermore
lipids derived from protozoa pathogens which a¢@venouse iNKT cells have also
been reported: Lipophosphoglycan (LPG or LD1S) frioeshmania donovani and a
phosphatidylinositol (EhPla) frorRntamoeba histolytica (Amprey et al., 2004; Lotter
et al., 2009).

Although the identity of endogenous lipids whiche apresented by CD1d and
recognized by NKT cells remains largely unresolvesgveral functional and
biochemical analyses have provided essential irdtion. The recognition of
endogenous antigens was evident with the findiag MKT cells are autoreactive when
culturedin vitro with antigen presenting cells expressing CD1d evittthe addition of
any exogenous antigen (Bendelac et al., 1995; Eategl., 1997). The deficiency to
stimulate INKT cells of a cell line with a mutavglucosylceramide synthase indicated
that the endogenous NKT cell ligands might incluggosomal glycosphingolipids
(Stanic et al., 2003). Moreover, the fact that milgdicient for p-hexosaminidase B
(enzyme which processes isoglobotetrahexosylcemmid(iGb4) into
isoglobotrinexosylceramide (iGb3)) have a severglpaired iINKT cell development
together with the finding that purified and syntbatGb3 can stimulate human and
mouse INKT cells (Zhou et al., 2004b), lead to Htypothesis that iGb3 is a major
selecting ligand of INKT cell$n vivo (Zhou et al., 2004b). Nonetheless, later reports
showed that alterations in other enzymes distirmch3-hexosaminidase B which cause

accumulation of lysosomal glycosphingolipids alssult in defective INKT cell
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development (Gadola et al., 2006b) and more imptiytathat iINKT cell numbers are
normal in mice lacking iGb3 synthase (Porubskylet2®07). Thus, although iGb3 is
an endogenous ligand for iNKT cells, it is probahlyt the most important selecting
lipid. Nonetheless and although the exact molecstlarctures are not known yet, three
studies have clearly shown that after stimulatioth WLR agonists or during infection
the lipids bound to CD1d are altered, and stroaglyvate iINKT cells (Darmoise et al.,
2010; Paget et al., 2007; Salio et al., 2007). Thistrates how the antigen presenting
cells can sense the presence of pathogens andatat’ the immune system also by
presenting endogenous glycolipids to INKT cells. rbtaver, sulfatides are other
endogenous lipids which have been shown to actwatestinct CD1d-restricted T cell
population (type Il NKT cells) (Jahng et al., 206y et al., 2008).

Taken all together, it is clear that CD1d functi@ssan antigen presenting molecule
specialized in presenting lipids to CD1d-restriciedells. Nonetheless, an additional
function for CD1d distinct from that of antigen peating molecule appears also
possible since Nieuwenhuis and colleagues recdotyd intrinsic defects in the
granular content and morphology of Paneth cell€id-deficient mice (Introduction
section 1.2.2nd (Nieuwenhuis et al., 2009)).

1.3CD1d-restricted T cells

As previously mentioned, CD1d-restricted T cellsehdbeen named NKT cells due to
the expression of receptors typically found in N&I€ (Godfrey et al., 2004). Also as
previously alluded, these cells can be categorinta two groups depending on the
gene segments used to form their TCR and theitivéigdo a-Gal. Type | NKT cells,
also designated as invariant NKT cells (iINKT celts) Val4 NKT cells, express an
invariant TCRu chain characterized by AV14-AJ18 (¥4-118) rearrangements in
mice and by the homologous AV24-AJ18 rearrangemémtdiumans (TRAV10-
TRAJ18 and TRAV11-TRAJ18 according to the IGMT nawlature for human and
mice, respectively). Apart from the invariamtchain, the chains of INKT cells also
show a limited BV (\B) repertoire with highly variable CDR3regions. In humans,
most INKT cells bear a BV11 (TRBV10 based on theGIM gene nomenclature)
comprisingP chain and in mice more than 80% of these celle lBW8S2, BV7 or BV2

B chains (TRBV13, TRBV29 and TRBV1, based on IMGTamclature, respectively)
(Benlagha et al., 2000; Lee et al., 2002a; Mat®iaa., 2000).
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Neither all INKT cells express receptors typicaNK cells such as NK1.1 (NKR-P1C)
in mice or CD161 (NKR-P1A) in humans nor all NK¥@D16T T cells are iNKT
cells, therefore unequivocal identification of INKCEIlIs should be carried out with
Gal-loaded CD1d oligomers, which are reagents é¢xatoit the specificity and high
affinity of the semi-invariant TCR-Gal-CD1d interactions (Godfrey et al., 2004;
Gumperz et al., 2002; Hammond et al., 2001; Matsidd., 2000).

The type Il category includes all CD1d-restrictedcdlls which do not express the
canonicala chain. Although the specificities of this divergeoup remain largely
unclear, as already pointed out, it has been detrated that some cells react to
endogenous sulfatides and, similarly as INKT cetlsgy can be identified with
sulfatide-loaded CD1d tetramers (Behar and Carge00; Cardell et al., 1995; Jahng et
al., 2004). A recent study has shown that thestatslg-reactive T cells have an
oligoclonal TCR repertoire with a predominant uskt AV3/AV1-AJ7/AJ9 and
BV8S1/BV3S1-BJ2S7 gene segments (Arrenberg e2@L0).

1.4 Recognition of a-Gal-CD1d by semi-invariant TCRs

Crystal structures of human and mouse iT€&Bal-CD1d complexes have provided a
clear insight into the structural basis of the AvVddd AJ18 requirement to form the
invariant TCRx chain (Borg et al., 2007; Pellicci et al., 200Bje recognition mode of
a-Gal-CD1d by the semi-invariant TCR is very differefrom how other TCRs
recognize peptide-MHC complexes. First, in contrastMHC class I-peptide-TCR
interactions, where andp chains contribute more or less to the same exaeloipting a
diagonal footprint with respect to the axis of #rgigen binding groove of the MHC
molecule; in the recognition eF-Gal-CD1d complexes by the semi-invariant TCR, the
a chain makes many more contacts thanftiebain and the foot print overGal-CD1d

is parallel to the antigen binding groove. Secdhd,docking mode of the TCR when it
Is bound to peptide-MHC complexes is perpendictdahe plane drawn by thel and
a2 helices of the MHC molecule but the semi-invaridiCR adopts a very acute
docking mode lying only above the F’' pocket whebiitds too-Gal-CD1d and third,
whereas all CDRs of bothandf chains make important interactions in the recaogmit
of peptides presented by MHC molecules, there grelifferences in the contributions
of the CDRs of the semi-invariant TCR. The CDR3plai thea chain of the semi-
invariant TCR, mainly formed by AJ18, spreads bipader thea-Gal/CD1d complex

making contacts with the protruding galactose hwfadtGal and thexl anda2 helices
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of CD1d. In contrast, the CDRloop makes a few contacts only withGal and the
CDRZx makes no evident interactions with CD1dweBal. In the structures resolved to
date with human BV11 and mouse BV8S2 and BV7 T@Rspnly contributions of the

B chain are made with the CDRBop which makes contacts with CD1d but not with
the antigen. In addition to these crystallograpimalyses, mutagenesis studies carried
out by our and other laboratories have also demeatest the important role of the
CDRZ3 region ina-Gal-CD1d recognition by the semi-invariant TCR (Bcet al.,
2007; Mallevaey et al., 2009; Pellicci et al., 20P9z et al., 2006; Scott-Browne et al.,
2007; Wun et al., 2008).

1.5iINKT cell development

INKT cells as well as MHC-restricted T cells deyelm the thymus from the same
precursors, namely double positive (Cehd CD8) thymocytes. The most important
selecting factor driving iNKT cell development lsetgeneration of the semi-invariant
CD21d-restricted TCR. Thus mice lacking the AJ18egeagment or CD1d lack iNKT
cells (Cui et al., 1997; Mendiratta et al., 199preover, although V (D in thg chain)

J gene segments are randomly recombined, the kibe @xcised DNA is limited and
therefore, it is necessary to undergo multiple €®ais in order to recombine distal gene
segments such as AV14 and AJ18 (Guo et al., 20@Rpe able to go through multiple
excisions, thymocytes must have a prolonged lifesgonsequently, mice which lack
factors involved in prolonging survival such as R@gRand BCL-X have reduced
INKT cell frequencies (Bezbradica et al., 2005; ®gaet al., 2005). After
recombination and expression at the cell surfadd@temi-invariant TCR, iNKT cells
are positively selected but, in contrast to MHG#ieted T cells which are selected by
cortical thymic epithelial cells (cTECs), INKT cellare selected by cortical DP
thymocytes (Bendelac, 1995). These homotypic iotemas result in a distinct cell
programming in comparison to MHC-restricted T calisce the costimulatory signals
provided by thymocytes differ considerably fromgb@rovided by cTECs (Godfrey et
al., 2010). In particular, it has been shown asTNi¢€ll development is dependent on
signaling via SLAM molecules (Griewank et al., 20@ordan et al., 2007). SLAM
proteins are cell surface receptors which signedugh the SLAM adaptor protein
(SAP). Mice lacking SAP or SLAM1 and SLAMG6, whichreathe SLAM family
members expressed by thymocytes, lack iINKT celtshame normal MHC-restricted T
cells numbers (Chung et al., 2005; Griewank et28l07; Nichols et al., 2005; Pasquier
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et al., 2005). Although demonstration of negatietestion is a complicated task, the
impaired INKT cell development in the presenceng®al or of CD1d-overexpressing
dendritic cells (Chun et al., 2003; Pellicci et, &003) suggests that iINKT cells also
might undergo apoptosis if during development thlsgimi-invariant TCR recognizes
ligands with a very high affinity.

After positive and probably negative selection, iNKells undergo several maturation
steps, which can be distinguished by differentlpressed cell surface molecules
(Godfrey et al., 2010). Many factors are involvedthis maturation process and have
been extensively reviewed elsewhere (Godfrey andiBg 2007; Godfrey et al., 2010;
Matsuda and Gapin, 2005). Several of them are iatportant for MHC-restricted T
cell maturation. A lot of efforts have been madedentify a master regulator specific
of the INKT cell lineage. In two recent studiehiés been shown that the transcription
factor PLZF is expressed by iNKT cells but not bgdlls restricted by classical MHC
molecules (Kovalovsky et al., 2008; Savage et 2008). Although PLZF is also
expressed by a subsetyaf T cells and by human, but not mouse, MAIT celisleast
PLZF is limited to non-conventional T lymphocyte®i-classical MHC-restricted T
cells). Accordingly, mice deficient for PLZF haveual lower numbers of iNKT cells,
and those INKT cells which reach maturation, do m@te the characteristic activated
phenotype of normal iNKT cells. Once iNKT cells eawmaturated, they home to tissues
different from those where MHC-restricted T cellggrate and some of them stay in the
thymus. iNKT cells are especially abundant in ikierl(in mouse inbred strains such as
C57BL/6 constitute a 30% of all intrahepatic lympties) and whereas they are present
at considerable amounts in the spleen (1% of tiytaphocytes), they are hardly
detectable in lymph nodes (Hammond et al., 200ltsia et al., 2000).

1.6 iINKT cell function

During the last ten years, many studies have shbeim vivo role of iINKT cells at the
interface between innate and adaptive immune regsomAs mentioned, iNKT cells
display an activated phenotype and respond vendlyapy secreting large amounts of
cytokines within a few hours after activation. iNKiCtivation can occur in different
ways referred as direct and indirect activatiorhpatys (Brigl and Brenner, 2010). In
the direct activation pathway iNKT cells are actadhby the recognition of exogenous
microbial lipid antigens such as BbGI-Il or GSL-¥ Iheir semi-invariant TCR

(Introduction section 1.2.3). In contrast, in thdirect pathway in order to secrete large
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amounts of cytokines, INKT cells need two stimutgtsignals: One is the recognition
of endogenous ligands with their semi-invariant T&# the other one is the binding of
stimulatory cytokines released by the antigen priasg cells (such as IL-12 or type |
IFNs) (Paget et al.,, 2007; Salio et al., 2007). tlkermore, two studies have
demonstrated that INKT cells release Iy response to recombinant innate cytokines
such as IL-12 and IL-18 independently of TCR stiatioin (Hou et al., 2003; Leite-De-
Moraes et al., 1999).

Activation of INKT cells often results in the adctitton or maturation of the antigen
presenting cell (DC or B cells). This activationeddack is mainly dependent on
cytokines released by iINKT cells and on CD40 ligat(Hermans et al., 2003; Lantz
and Bendelac, 1994). In such a way, iINKT cell adjuvactivity enhances B and T cell
responses (Cerundolo et al., 2009; Fujii et al1030 Additionally, also a cytolytic
potential of INKT cells has been shown, althoughk tk probably not one of their main
effector functions (Smyth et al., 2002).

The outcomes after iNKT cell activation are diveiSa the one hand they can enhance
immune responses such as anti-tumor T cell activityon the other hand, they are also
able to inhibit the immune system resulting in ameboration of autoimmune diseases
(Bendelac et al., 2007; Godfrey and Kronenberg,420Blow iINKT cells manage to
exert these contradictory and most of the timesfenl roles for the host is being
intensively investigated (Godfrey et al., 2010).

1.7iNKT cellsin therat

Rats have the genes necessary for the generatibsedection of semi-invariant TCRs:
First, as mentioned in the introduction section1l,.they have one CD1d gene which is
highly homologous to its mouse counterpart (Katabetnal., 1998); second, they have
several AV14 homologues which have been shownawoarge with AJ18 (Matsuura et
al., 2000) and third, they have two homologueshef mouse BV8S2 gene segment:
BV8S2 and BV8S4 (Asmuss et al., 1996).

The presence of several AV14 gene segments irath&inebuchi and Matsuura, 2004;
Matsuura et al., 2000; Pyz et al., 2006) is infngusince humans contain one single
AV14 gene segment and mice one or two (Koseki .etl891; Lefranc, 2001). These
AV14 gene segments are highly similar except in@m¥R2x region, where two very
different amino acid sequences are found. Basetheramino acid sequence of this

region, these AV14 genes have been divided into ¢gneups: Type | and type Il
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(Kinebuchi and Matsuura, 2004; Matsuura et al. @0terestingly, the studies carried
out by Matsuura and colleagues suggested a spaisisice distribution of these two
different types: Invariant TCirchains using type | AV14 gene segments were $jight
more abundant among hepatic lymphocytes wheredkeirspleen, type Il invariant
TCRou chains were expressed more frequently (Matsuua&,e2000).

Up to date, two differenficrb (loci encoding TCR chains) haplotypes have been
described in the rat which contain different akelsf each BV8S2 and BV8S4 gene
segments. In th&crb® haplotype, present in DA and F344 inbred rat s&aboth gene
segments encode functional BV8 polypeptides, intresh in inbred rat strains
containing aTcrb' haplotype such LEW, BN and PVG, BV8S4 is prediddbe non-
functional due to the deletion of one nucleotiddéahhresults in a frame shift. BV832
and BV8S# differ in six amino acids located in the CDR2 a@®R4 regions. In
contrast, the predicted amino acid sequences dfahe' BV8S2alleles differ in three
residues localized outside of the CDR regions (Assnet al., 1996). The mAb R78,
often used in this study, binds to BV83aut not to BV8S2 whereas in inbred rat
strains of thé haplotype, it binds to BV8$2Asmuss et al., 1996; Torres-Nagel et al.,
1993). In addition, other BV8 family members haweeib described in rats such as
BV8S3 (detected by the mAb B73 (Torres-Nagel et1#8193)) and BV8S1 (Hashim et
al., 1991; Smith et al., 1991). The predicted aman@ sequences of these BV8 gene
segments differ considerably from BV8S2 and BV8&hecially the CDR2 of BV8S3
(Asmuss et al., 1996).

E. Pyz et al. demonstrated that these gene segmmamtgroduce semi-invariant TCRs
which are reactive ta-Gal presented by rat CD1d and that rat primarisgespond to
a-Gal stimulation by secreting IFN-and IL-4. Nonetheless, despite these functional
and genetic data, all attempts carried out to itletNKT cells in the rat had been based
on the one hand, on co-staining of NKR-P1 receppard cells detected by the mAbs
3.2.3 or 10/78 (which detect two NKR-P1 isoformsaiAd B (Li et al., 2003)) together
with mAbs specific for TCR chains formed by certain BV gene segments (Knudsen
al., 1997; Li et al., 2003; Matsuura et al., 20B@z et al., 2006; Ru and Peijie, 2009);
and on the other hand on the usage of moevGal-loaded CD1d oligomers (Pyz et al.,
2006). First, although it can be expected thatNK{T cells are contained among NKR-
PI" T cells (as in mice and humans), it is possibét tiot all these cells bear the semi-
invariant TCR and second, surprisingly, mous8al-loaded CD1d oligomers failed to

identify a discrete rat INKT cell population degpthe high homology between rat and
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mouse CD1d molecules. Since E. Pyz et al. also stidlat cell lines bearing rat semi-
invariant TCRs did not respond #eGal presented by mouse CD1d, the failure of the
identification of a reliable rat iINKT cell populati with mouse CD1d oligomers could
be explained by the lack of binding of mouse CDyadi iNKT cells (Pyz et al., 2006).
Taken all together, although strong evidence sugdethat rats have INKT cells the
direct identification and phenotypical character@a of this particular T cell
population in the rat was still pending. Therefditee principal aims of this doctoral
thesis were first, to develop appropriate reageiich allow the direct staining of rat

INKT cells and second, the analysis of these @gtieng different inbred rat strains.
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2 MATERIALS AND METHODS

2.1 Materials

2.1.1 Chemical reagents
Agar-agar

Acetic acid

a-Gal (o-Galactosylceramide)

Agarose
Ammonium chloride
Ampicillin

APS
B-mercaptoethanol
Boric acid
Bromophenol blue
BSA

Calcium Chloride
Concanavalin A
Coomassie R250
Diethylamine
DMSO (Dimethyl sulfoxide)
DMP

dNTP Set

EDTA

Ethanol

Ethidium bromide

FCS

Ficoll-Paque
Formaldehyde
Formamide

G418 (Geneticin solution)
Glycerol

Glycine

Applichem (Darmstadt, Germany)
Applichem (Darmstadt, Germany)
Alexis Biochemicals, Enzteciences
(New York, USA)
Roth (Karlsruhe, Germany)
Roth (Karlsruhe, Germany)

Gibco BLR (Eggenstein, Germany)
Roth (Karlsruhe, Germany)

Gibco BLR (Eggenstein, Gerjany
Roth (Karlsruhe, Germany)

Sigma (St. Louis, USA)
Roth (Karlsruhe, Germany)

Roth (Karlsruhe, Germany)

ICN (Meckenheim, Germany)

Sigma (St. Louis, USA)

Sigma (St. Louis, USA)

Applichem (Darmstadtetnany)

Pierce (Rocford, USA)

Peqglab Biotechnologie (Erlangen,

Germany)

Applichem (Darmstadt, Germany)
Applichem (Darmstadt, Germany)
Roth (Karlsruhe, Germany)

Sigma (St. Louis, USA)

GE Healthcare (Uppsala, Sweden)
Roth (Karlsruhe, Germany)

Roth (Karlsruhe, Germany)
Biochrom (Berlin, Genmy)

Applichem (Darmstadt, Germany)
Roth (Karlsruhe, Germany)
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HEPES for cell culture

Hydrogen peroxide 35%
Isopropanol

LB (Broth Base medium)

Luminol

Magnesium Chloride

MEM (Non-essential amino acids)
Non fat dried milk powder
NONIDET P-40

p-Coumaric Acid

Penicillin

Percoll

Acrylamide

Polybrene (Hexadimthrinbromide)
Protein A Sepharose Fast Flow
Protein G Sepharose 4 Fast Flow
SDS (Sodium dodecyl sulphate)
Sodium Azide

Sodium Chloride

Sodium Butyrate

Sodium Hydroxide

Streptomycin
Sulfo-NHS-LC-Biotin

TEMED

Tris

TRITON X-100

Trypan blue

Tween 20

Zeocin

Applichem (Darmstadt, Germany)
Applichem (Darmstadt, Germany)
Applichem (Darmstadt, Germany)
Applichem (Darmstadt, Germany)
Applichem (Darmstadt, Germany)
Roth (Karlsruhe, Germany)
Gibco BLR (EggeirstGermany)
Applichem (Darmstadt, Germany)
Sigma (St. Louis, USA)
Merck (Darmstadt, Germany)
Grunenthal (Aachen, Germany)
GE Healthcare (Uppsala, Sweden)
Applichem (Darmstadt, Germany)
Sigma (Deisenhptg@ermany)
GE Healthcare (UapSaveden)
GE HealthcareqalppSweden)
Sigma (Deisenhd@@emnmany)
Merck (Darmstadt, Germany)
Roth (Karlsruhe, Germany)
Sigma (Deisenhofen, Germany)
Applichem (Darmstadt, Germany)
Riemser (Greifswald, Germany)
Pierce (Rocford, USA)
Roth (Karlsruhe, Germany)
Applichem (Darmstadt, Germany)
Sigma (St Louis, USA)
Sigma (Deisenhofen, Germany)
Sigma (Deisenhofen, Germany)

Invivogen (Toulouse, France)
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2.1.2 Media, buffers, solutions

Culture medias of eukaryotic cells

- DMEM™: DMEM with Glucose and L-Glutamine (Gibco Invitreg, Darmstadt,
Germany)), supplemented with 10% FCS and antigotiPenicillin and
Streptomycin).

- DMEM*: DMEM + GlutaMAX™-I (with Glucose and 25mM HEPES, Gibco
Invitrogen, Darmstadt, Germany)) supplemented W@k FCS and antibiotics
(Penicillin and Streptomycin).

- RPMI": RPMI 1640 with L-Glutamine (Gibco Invitrogen, Dastadt, Germany)
supplemented with 10 % of SC (supplement complete)

- RPMI™: RPMI" supplemented additionally with 5% FCS and 25 mMPHBS
(pH 7.5)

- ISF-1 media (Biochrom, Berlin, Germany) suppleménteith antibiotics
(Penicillin and Streptomycin).

-  SFM4MADb media supplemented with antibiotics (Pdiiciand Streptomycin)
(Fisher Scientific, Schwerte, Germany).

- Freezing media (40% RPMI 1640, 50% FCS and 10% DMSO

SC-supplement (50 ml of SC per 500 ml of RBMBO0O ml heat-deactivated FCS,

100 ml Na puryvate 100 mM, 100 ml non-essentialnanacids, 100 ml Penicillin-

Streptomycin (10000U/ml) and 5 dMercaptoethanol 50 mM.

ATV: 0.05% Trypsin, 0.02% EDTA in PBS.

BSS (Hanks balanced salt solution): to prepare BEs ml of BSS | was mixed

with 125 ml of BSS Il add filled with waterto 1 L.

- BSS I: 50 g Glucose, 3 g KAO, 11.9 g NaHPO,, 0.4 g Phenylred and water
to5L.

- BSS II: 9.25 g CaGl20 g KCI, 320 g NaCl, 10 g Mg& L0 g MgSQand water
to 5 L.

BSS/BSA: BSS supplemented with 0.2% of BSA.

2xHBS: 50 mM HEPES pH 7.05 (different pHs were pred and tested), 10 mM

KCI, 12 mM Glucose, 280 mM NaCl and 1.5 mM N&i@».

PBS (Phosphate buffered saline): 4 mM 2R, 16 mM NaHPO: and 115 mM

NaCl with a pH of 7.3.

FACS buffer:PBS with 0.1% BSA and 0.05% NaN
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TAC (Tris-Ammoniumchlorid) buffer: 20 mM Tris pHZ and 0.82% NECI.

LB-medium: 20 g LB and water to 1 L, autoclaved atated at 4°C

Low salt LB media: 10 g Tryptone, 5 g NaCl and Banst Extract

Bio-Rad Protein Assay, Bio-Rad (Munich, Germany)

Coating buffer: 8.4 g NaHC£3.56 g NaCOs;in 1 L H,O, pH 9.5

ECL-solutions (self made)

- Solution I: 2.5 mM Luminol, 40QM p-coumaric acid in 0.1 M Tris pH 8.5 (1%
DMSO, dissolvent of Luminol and p-coumaric acid)

- Solution 1I: 5.4 mM HO; in 0.1 M Tris pH 8.5 (prepared the same day incWwhi
it is used)
Equal volumes of solutions | and Il were mixed asdded to the blotted
membrane.

ECL solution, if not self-made was purchased frorek Gealthcare (Uppsala,

Sweden).

BD™ ELISPOT AEC Substrate Set (BD Biosciences PharatingSan Diego,

USA)

BD OptEIA™ TMB Substrate Reagent Set (BD Biosciences Phaeningan

Diego, USA)

10xTBE (Agarose electrophoresis buffer): 890 mMsT890 mM Boric Acid and

20 mM EDTA

5XTGS (SDS-PAGE buffer): 15.1 g Tris, 94 g Glycis®, ml 10% SDS and water

tolL.

SDS-PAGE gel staining solution: 12.5% isopropart®% acetic acid 0.25%

Coomassie Brilliant Blue R250.

SDS-PAGE gel destain solution: 12.5% isopropand| EoP6 acetic acid

Stripping buffer: 62 mM Tris, 2% SDS and 100 Tris HCI pH 6.7

Buffers for semi-dry protein transfer into a PVDEmbrane:

- Anode Buffer I: 0.3 M Tris, pH 10.4, 10% methanol

- Anode Buffer Il: 25 mM Tris, pH 10.4, 10% methanol

- Cathode Buffer: 25 mM Tris, 40 mM glycine, 10% naetbl, pH 9.4

IP loading buffer: 2% SDS, 62.5 mM Tris pH 6.8, 1@fycerol, 770 mMp-

mercaptoethanol and 0.04% bromophenol blue
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* IP Lysis buffer: 50 mM Tris, pH 7.4, 150 mM NaCl26% Na-deoxycholate, 1 mM
EDTA, 1% NP40 and protease inhibitors.

* WB reducing loading buffer is the same as the IRdiog buffer but 4x
concentrated.

 WB non-reducing loading is the same as the WB redutoading buffer but

without B-mercaptoethanol.

2.1.3 Cdl lines

293T Highly transfectable derivative of the 293 catidiinto which the
temperature sensitive gene for SV40 T-antigen weseried
(ATCC# CRL-11268).

58C (BW58) Do0-11.10.7 hybridoma derived AKR/J mousge TCR-negative cell
lymphoma; ATCC#TIB-233. Kindly provided by Dr. Pam(Basel
Institute, Switzerland).

BW58 r/mCD28 BW58 cells transduced with r/mCD28 (Luhder et 2003).

BW58 rAV14s5 + CDR2+4 BWS58 cells transduced with r/mCD28 and a rat semi-
invariant TCR generated by E. Pyz and describesivisre (Pyz et
al., 2006). The TCR chain contains the AV14S6 gene segment
(previously named AV14S1).

J558L J558L is a spontaneous heavy chain-loss-variarglama cell
line obtained from the J558 cell line (Oi et ab83).

P80rCD1d P815 mouse (DBA/2) cell mastocytoma (ATCC# TIB-64)
transduced with rat CD80 and CD1d generated byE.(Pyz et
al., 2006).

Raji rCD1d Raji human Burkitt's lymphoma cell line (ATCC# C@86)

transduced with rat CD1d (Pyz et al., 2006).

Raji mCD1d Raji human Burkitt's lymphoma (ATCC #CCL-86) trdosed
with mouse CD1d (Pyz et al., 2006).

2 Drosophila melanogaster cells.
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2.1.4 Animals

Animals were used at 6 — 16 weeks of age. C57BIBALB/c, C57BL/6, CD1d and
BALB/c CD1d" mice, as well as LEW/Crl and F344/Crl rats weredbin the animal

facilities of the Institute for Virology and Immuidbogy Virology and Immunobiology,

University of Wirzburg, Wirzburg, Germany. Breedipgirs for CD1d mice,

previously bred on a BALB/c background were a kgiftlof Heidrun Moll, Institute for
Infection Biology, Wiirzburg University. C57BL/6 CBT (Mendiratta et al., 1997)
were kindly provided by Mandfred Lutz, Instituter féirology and Immunobiology,
University of Wiurzburg, Wiurzburg, Germany. BN/SsldBsd, DA/OlaHsd,
PVG/OlaHsd, BUF/SimRijHsd, AGUS/OlaHsd, AUG/OlaHsidd WF/NHsd rats were
purchased from Harlan laboratories. BH/Ztm rats @BR/N mice were provided by

Kurt Wonigeit, Medical School Hannover, Hannoveer@any.

2.1.5Vectors

pczVSV-G

pHIT 60

pczCFG5 1Z

pczCFG5 IEGN

Encodes theenv protein from Vesicular Stomatitis Virus
(Pietschmann et al., 1999).

pHIT60-CMV-MLV-gag-pol-SV40ori; containinggag and pol from
Moloney Murine Leukemia Virus (MoMLV) under the dool of
human Cytomegalovirus (CMV) promoter (Soneoka gt18195).

Retroviral vector for the MuLV driven constitutivexpression of
a gene of interest and through IRES mediated esijoreshe
protein which confers Zeocin resistance. This veutas kindly
provided by |[I. Berberich, Institute for Virology @n
Immunobiology, University of Wirzburg, Wirzurg, Geany.

Retroviral vector for the MuLV driven constitutivexpression of
a gene of interest and through IRES mediated esioresthe
EGFP-Neo fusion protein which serves as reporter @nfers
neomycin resistance (Knodel et al., 1999). Thidarewas kindly
provided by |[I. Berberich, Institute for Virology @n
Immunobiology, University of Wirzburg, Wirzurg, Geany.
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pXig

pFUSE-hIgG1-Fc2

PMT/BioHis-1A%

Vector containing Mlul and Xhol unique restricticites. The
vector encodes the signal sequence of the IgGlyhd®ain 5 of
the Mlul site and the IgG1 heavy chain startingrfrthe intact
variable domain after the Xhol restriction site ([Parto et al.,
1993). This plasmid was derived from the pSN-RC&pJasmid
which contains the gene encoding an IgG1l heavyncbpécific
for the hapten NP (Hebell et al., 1991).

Commercially available vector containing the IL-&gnal
sequence and the CH2 and CH3 domains and the heggen of
the human IgG1. Invivogen, San Diego, USA.

Vector containing the metallothionein promotercessary for
expression of proteins in the Drosophila cells, Bi@ signal
sequence, a mouse MHCaellchain, the specific biotinylation site
(Schatz, 1993) recognized by the BiIrA enzyme and a
polyhistidine tag (Schiemann, 2005). This vectorswandly
provided by D. Busch, Institute of Medical Microlngy, Dept.

of Medicine, Technical University Munich.

pcDNA3.1/V5HiABio Vector containing the CMV promoter, a multiplewming site and

encoding the specific biotinylation site recogniZgd the BirA
enzyme and Polyhistidine tag. This vector was kiqtbvided by
I. Mdaller, Dept. of General Paediatrics, Hematolog,md

Oncology, University Children's Hospital, Tubingen.

PMT/BiP/His/StrepTagl1-1A Vector containing the metallothionein promoter,

necessary for expression of proteins in the Drosamells and
DNA sequences encoding the BIiP signal sequence,oasen
MHC-Il o chain, a thrombin cleavage site, an acidic leucine
zipper domain and after the KpN2I restriction she Strep-Tag

Il amino acid sequence (Neudorfer et al., 200 hisvector was
kindly provided by D. Busch, Institute of Medicalidvbbiology,
Dept. of Medicine, Technical University Munich.
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2.1.6 Oligonucleotides

The orientation of all oligonucleotides is 5’ to. Restriction sites contained in the
oligonucleotides appear underlined. All oligonullides weresynthesized by MWG-
Biotech AG (Ebersberg, Germany) or Sigma (TauflerghGermany).

- Primers used for the amplification and direct seguey of rat CD1d genomic DNA
sequences:
gCD1d fo 77: CAAGGGGAGTTGGCTTTGTA
gCD1d re 78: GTGGAGAACCAGGGTGAAAA

- Primers used for IgG heavy chain and kappa lighticiRT-PCR and direct
sequencing. These oligonucleotides were adapted ¥éang et al. (Wang et al.,
2000):

MH2_82: SARGTNMAGCTGSAGSAGTCWGG
lgGrev 2_ 101: CAGACTGCAGGAGAGCTGG

Mk_84: GAY ATT GTG MTS ACM CAR WCT MCA
Igk rev 1_103: CACTTGACATTGATGTCTTTGG
Igk rev 2_104: TTTGCTGTCCTGATCAGTCC

- Primers used for RT-PCR of r@itactin. The forward and reverse primers are
complemetary to the exon 4 and 5, respectivelyigdesl by R. Rudolf):
RNBetaActFwd17: CACCACCACAGCTGAGAGG
RNBetaActRev18: AGACAGCACTGTGTTGGCATAG

- Primers used for RT-PCR and sequencing of AV14aioimtg TCRx mRNAs:
rValdlead gDNA f (50): CTTCTGCAGAAAAACCATGGGGAAG
rJal8lead gDNA r(51): AGGTGTGACAGTCAGCTGAGTTCC
rCa_seq2nd_118: AGTCGGTGAACAGGCAGAGGG
rAV14int_124: CCTTCAATGCAATTACACTGTG

- Primers used for RT-PCR of BV8-containing TCRRNAS:
rvb8_seq_fow_122: TGGGCTCCAGGTTCCTCTTAGTG
rVb8_seq_rev_123: GCCAAGCACACGAGGGTAGC
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Oligonucleotides used for real time PCR:
rVald Bendef 79: CTAAGCACAGCACCCTGCACA
rJ281_Bende 80: CAGGTGTGACAGTCAGCTGAGTTC
rt rCakEl_fo 71: AAGCTTCAGCTGCAAAGACG
rt rCakE3_re 72: GATTCGGAGTCCCATGACTG

Primers used for cloning d¥lus musculus CD1d2 andMus spretus CD1d1 into
pczCFG5 IEGN retroviral expression vector:
mCD1d_fo EcoRI: GGGGAGAATTCGGCGCTATGCGGTACCTACC
msCD1d BamHIrev_113: GCATGGATATACCGGATGTCTTGATAG

Primers used for cloning of rat CD1d into pczCF@5dtroviral expression vector:
rCD1d_EcoRI_f62: CTTCGAATTGACCGCCGGCACTATGCTGT
rCD1d_BamHI_r63: GTTGGGATCCTCACATGATGTCTTGATAGG

Primers used for raf32-microglobulin cloning into pczCFG5 1Z retroviral
expression vector:
Mfel b2 fow P3: TGCCAATTGCCGCCACCATGGCTCGCTCGGTGACC
rb2m BamHI re P2: TGAGGATCTTACATGTCTCGGTCCCAGG

Primers used for cloning mouse CD1d and rat CD1al ihe pXlg vector were
based in the work of MacDonald and colleagues (Betmn et al., 2003):
mCD1d-MD-Mlul-F:
GTCCACGCGTCGCAGCAAAAGAATTACACCTTCCGC
mCD1d-MD-Xhol-Rev:
GTCACTCGAGCCAGTAGAGGATGATATCCTGTC
rCD1d-MD-Mlul-F: GTCCACGCGTGCAGCAGAATTACACCTTCGGC
rCD1d-MD-Xhol-R: GTCACTCGAECAGTAGAGGATGATGTCCTGCC

Primers used for cloning of rat CD1d into the pFU8&G1-Fc2 vector:
rCD1dEcoRI Fc2_88: CTCAGAATTGGTCCAGCAGAATTACACCTTC
rCD1dBamHI Fc_86: CTACGGATCCCAGTAGAGGATGATGTC

Primers used for cloning of r@2-microglobulin and the glycine-serine polylinker
into the rat CD1d-pFUSE-hIgG1-Fc2:
rb2 Munl fo_105: CCCCAATTGCAGAAAACTCCCCAAATTCAAG
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rb2m Munl rev_106:
CCCCAATTGCCTTCCACTTCCACTTCCACTTCCACTTCCACTTCCCATGT
CTCGGTCCCAGGTG

Primers used for cloning of rat CD1d into pMT/BisHA vector once the
Kpn2lI restriction site had been inserted:
Ok CD1d Sacll For: AATTGGCCGCGGGTCCAGCAGAATTACACCT
CD1d Kpn2l Rev: AGTAATCCGGRCAGTAGAGGATGATGTC

Primers used for the insertion of the Kpn2lI sit® ithe pMT/BioHis-1Aa vector:
Kpn2l Forward:
GGAAAAGGAACTGGCTCAGTCCGGACTTAATGACATTTTCGAGG
Kpn2l Reverse:
CCTCGAAAATGTCATTAAGTCCGGACTGAGCCAGTTCCT

Primers used for cloning of rg2-microglobulin-CD1d into the pcDNA3.1/V5
His A Bio vector (Methods section 2.2.2.8):

IL2ko EcoRV_111: TAGAGATATGAAGGAGGGCCACCATGTA

rCD1drev Xhol_112/3: TACACTCGAGCAGTAGAGGATGATGTCCT

Primers used for cloning of rg2-microglobulin-CD1d into the pMT/BiP/His-
IAPo, StrepTag 11l vector (Methods section 2.2.2.9):

rb2mSacll_114: TGCACCGCGEEHCAGAAAACTCCCCAAATTCAAG

CD1d Kpn2l Rev: AGTAATCCGGRECAGTAGAGGATGATGTC

Primers used for cloning of AV14-containing T&Rhains into the retroviral
expression vector (designed by E. Pyz):
rVal4EcoRI-Fow: GGGCTAGAATTTGCAGAAAAACCATGGGGAAG
Ca end BamH1 antisense:
ATGCGGATCCICAACTGGACCACAGCCTTAGCGTCATGAG
TTTCC

Primers used for sequencing of pczCFG5 IZ and pGECIEGN vectors:
PSI: CACGTGAAGGCTGCCGACC
IRE Il seq: TGGAAAATAACATATAGA
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Primers used for sequencing of pXlg/CD1d-pXlg vextaesigned by E. Pyz and
I. Mller):

pX/lg fow: CAG GTC CAA CTG CAC GCG

N4 (fow): TGGGTGATGTGGATGCGGGGT

r/mCD1-alphal-Re: GTCTTCTTTAGGTGACATCATTTTGAC

pX/lg rev: GAC CTG GCT CAC CTC GAG

Primers used for sequencing of pFUSE-hlgG1-Fc2ovect
pFUSE Fc fow_90: TTGCTCAACTCTACGTCTTTG
pFUSE Fc rev_91: GGTGTCCTTGGGTTTTGG

Primers used for sequencing of pMT/BiP/BioHis vesto
MT Forward: CATCTCAGTGCAACTAAA
BGH Reverse: TAGAAGGCACAGTCGAGG

Primers used for sequencing of rat pcDNA3.1/V5 AiBio vector:
pcDNA3 fo_107: GAGCTCTCTGGCTAACTAGAG
pcDNA3 rev_108: GGCAAACAACAGATGGCTGG

Primers used for sequencing of pMT/BiP/His/StrefdMagctors:
OplE2 Forward_59: CGCAACGATCTGGTAAACAC
OplE2 Reverse_60: GACAATACAAACTAAGATTTAGTCAG
rCD1d seq_61: GCAGATACTCCTGAACGACA
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2.1.7 Antibodies and secondary reagents

e Primary antibodies

Antigen Clone Conjugation | sotype Purchased from
m TCR3 H57-597 APCy or FITC hamster Ig@2, BD Pharmingen
m CD4 RM4-5 APCy or PE-Cy5 rat 1gG2a, BD Pharmingen
m CD21 (CR2/CR1) 7G6 FITC rat IgG2b, BD Pharmingen
m CD23 (FeRII) B3B4 PE rat IgG2ag¢ BD Pharmingen
m CD19 1D3 APCy rat 1I9G2&, BD Pharmingen
m CD8 53-6.7 APCy rat IgG2s, BD Pharmingen
m NK1.1 PK136 FITC or PE mouse IgG2a, BD Pharmingen
r TCRB R73 FITC, PE or bio mouse IgGd,  BD Pharmingen
r CD4 OX-35 PE, PE-Cy5 or APCy mouse IgGR2a, BD Pharmingen
r CD4 OX-38 PE mouse 1gG2a, BD Pharmingen
r CD83 341 bio mouse 1gGk BD Pharmingen
r CD8 OX-8 PerCP mouse IgGit, BD Pharmingen
:nc::iﬂgrrmc cell 0X-62 unconjugated mouse IgGd, BD Pharmingen
r CD11b/c OX-42 PE mouse IgG3a, BD Pharmingen
r CD45RA OX-33 FITC or bio mouse IgG, BD Pharmingen
r MZ B cell marker HIS57 bio mouse Ig&d, BD Pharmingen
rigM G53-238 FITC mouse IgGt, BD Pharmingen
r gD MARD-3  bio mouse IgG1 AbD Serotec
BD Pharmingen or
r BV8 TCRB R78 bio or unconjugated purified in our
laboratory
r BV16 TCR3 HIS42 unconjugated mouse IgGd, Hybridoma
supernatant
r NKR-P1A/B 10/78 bio or PE mouse IgGd, BD Pharmingen
m CD1d 1B1 PE rat IgG2l, BD Pharmingen
Kind of gift of
Ekkehard Kampgen,
h CD1d CD1d42 PE Dermatology Dept.
University of
Erlangen.
. purified and
r/m CD1d (ZVE\}/:'SFH-l) Slr?éo':nljzgaot;d mouse lgG2ag Iconjugated in our
aboratory
: purified and purified and
r/m CD1d 35 bio, FITC or conjugated in our conjugated in our
(WTH-2)  unconjugated |
aboratory laboratory
. purified and purified and
r CD1d 58 bio, FI.TC or conjugated in our conjugated in our
unconjugated laboratory laboratory
C-14, sc-154, Santa Cruz
ERK2 polyclonal rabbit .
! Biotechnology
antiserum

Table 1. Antibodies used in FACS stainings or Westernblot. Abbreviations: m, mouse; r, rat and h,

human.
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» Secondary antibodies

Antigen Antibody Conjugation Purchased from

Donkey F(ab’) fragment with minimal Jackson
Mouse IgG (H+L) cross-reaction to rat and other species FITC or PE Immunoresearch

serum proteins Laboratories

Goat AffiniPure F(ab’) fragment with Jackson
Human IgG, F¢ o - .

... minimal cross-reaction to bovine, mouse PE Immunoresearch

Fragment Specific . . i

and rabbit serum proteins Laboratories
Mouse IgG1 Rabbit serum unconjugated ICN Biochemicals
Mouse Goat secondary antibody HRP Sf"‘”ta Cruz

Biotechnology

Rabbit Goat secondary antibody HRP Santa Cruz

Biotechnology

Table 2. Secondary antibodies used in FACS stainings or Wester nblot analyses.

* Secondary Reagents

Reagent Bindsto Conjugation Purchased from
Streptavidin Biotin HRP BD Pharmingen
Streptavidin Biotin APCy, PE or PE-Cy5  BD Pharmingen
i . } IBA (Géttingen,
Strep-Tactiff Strep-tag PE Germany)

Table 3. Reagents used for the detection of biotin/Strep-tag conjugated antibodies or molecules.

2.1.8 Enzymes and inhibitors

T4-DNA-Ligase Fermentas (St.Leon-Rot, Germany)

Pfu-DNA Polymerase Finnzymes (Espoo, Finnland)

Restriction Enzymes: BamHI, EcoRl, EcoRV, Mfel (MyMIul, Xhol, Cfr421 (Sacll),

Kpn2l (BspEl) and Pvul Fermentas (St.Leon-Rar@any)

Trypsin BD Biosciences Pharmingen (San Diego,
USA)

Biotin-protein ligase BIRA500 Avidity (ColoradtJSA)

Complete Mini Roche (Mannheim, Germany)

2.1.9 Commer cially available kits and mixtures

Big Dye 3.1 AB applied biosystems (California, USA
ELISA kits: rat IFNy and IL-4 and IL-10; mouse IFMand IL-4 BD Biosciences
GeneJET Plasmid Miniprep Kit Fermentas (St.Lean-Bermany)

JET quick DNA clean Up Spin Kit Genomed (L6hneyiGany)
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MESA GREEN gPCR MasterMix Eurogentec (SeraigrigiBien)

Midi and Maxi JETSTAR Kits Genomed (L6hne, Geryjan

Mini Elute Gel Extraction Kit Qiagen (Hilden, Geamy)

Mouse monoclonal antibody isotyping test kit AbD@&ec (Kidlington, UK)
PCR Master Mix containing Tag-DNA Fermentas (Sti-&ot, Germany)

QIAamp DNA Mini Kit Qiagen (Hilden, Germany)

QuikChange Il Site-Directed Mutagenesis Kit Qiagdildden, Germany)

Rat IL-4 ELISPOT Set BD Biosciences Pharmingesm(Biego,
USA)

RNAeasy Mini Kit Qiagen (Hilden, Germany)

QIAshredder Qiagen (Hilden, Germany)

2.1.10 Consumables

6 well flat bottom culture plates Greiner Bio-Q@&ermany)

12 well flat bottom culture plates Greiner Bio-©f{Germany)

24 well flat bottom culture plates Greiner Bio-©fGermany)

48 well flat bottom culture plates Greiner Bio-©fGermany)

96 well U bottom culture plates Greiner Bio-Q@=rmany)

6 cm tissue culture dish Greiner Bio-One (Geryhan

50 ml cell culture flask Greiner Bio-One (German

5, 15 and 25 ml single use pipettes Greiner Bie-(@ermany)

1.5 ml Eppendorf centrifuge tube Eppendorf (Eploeh) Germany)

15 ml centrifuge tube 50 ml centrifuge tube GreB®-One (Germany)

Cuvette Bio-Rad (Munich, Germany)

10 ul tips Molecular Bioproducts (USA)

200ul yellow tips Roth (Karlsruhe, Germany)

1000yl blue tips Roth (Karlsruhe, Germany)

2 ml and 5ml single-use syringe BD Biosciences Pharmingen (San Diego,
USA)

60 mlsingle-use syringe Dispomed (Gelnhausen, Germany)

Cell strainer 7um BD Biosciences Pharmingen (USA)

Needles (of different sizes) for single us®ispomed (Gelnhausen, Germany)

Polystyrene half area 96 well plates Corning tpocated (New York, USA)

Absorbent paper for Western-Blot Schleicher & B#h(Dassel, Germany)
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Poly-Prep Colums Bio-Rad (Munich, Germany)

Roti-PVDF membrane for Western-Blot Roth (Karlsuermany)

2.2 Methods

2.2.1 Routine molecular biology methods

Spectrophotometric determination of RNA and DNA amounts
Quantification of RNA and DNA was performed at wiavgths of 260 and 280 nm
using the Ultrospec 2008pectrophotometer (Pharmacia Biotech) following the

instructions provided by the manufacturer.

Genomic DNA isolation
Genomic DNA from thymocytes or ears was purifiecthgghe QIAamp DNA Mini

Kit from Qiagen following the instructions providég the manufacturer.

RNA isolation

RNA isolation was carried out with the RNAeasy MiKit following the
instructions of the manufacturer and using QIAstezdo disrupt the cells. 4-5*10
and 1-2*10 cells were used to isolate RNA from primary cellesymocytes,
splenocytes and IHLs prepared as described in thiods section 2.2.7.3) and
from hybridomas, respectively.

cDNA synthesis

cDNA synthesis was carried out using the First@traDNA Synthesis Kit from
Fermentas. 500 ng RNA and oligo(dd primers were used for cDNA synthesis.
cDNA was generally directly used as template folRP€xcept in real time PCR
where cDNA was cleaned using the DNA Clean and €woimatof™-5 Kit and

eluted in water.
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* Polymerase chain reactions (PCRS)

Various PCR protocols were followed depending @naim of the experiment:

Amplification of 1gG heavy and light chain cDNA from the hybridomas
232, 233, 244, 35 and 58

To asses the V(D)J gene segment usage of Ig géaesi-«CD1d mAb secreting
hybridomas, heavy and light chain mRNAs were angalifoy RT-PCR. After
purification from agarose gels PCR products wereatly sequenced.

PCR mixture (5Qul) contained:

2.5ul cDNA

5 ul primer mix (1QuM)

17.5u H,0

25 ul PCR Master Mix 2x containinfag DNA polymerase, MgG| and dNTPs

The primer pairs used for the amplification of theavy and light chains were
MH2 82/1gGrev 2 101 and MKk 84/Igk rev 2 104, respectively. Forward
degenerate primers were slightly modified from (Wanal., 2000).

PCR was carried out in an Eppendorf Mastercyclemtiocycler as follows:

1 min at 94 °C

1 min at 45 °C

2minat 72 °C

Repeated 30 times

Sequencing of the heavy chain was carried out thigigGrev 2_ 101 primer

and of the light chains with tHgk rev 1 103 andigk rev 2_104 primers.

1.5.2 Analysisof rat CD1d allelesby PCR amplification of genomic DNA
Genomic DNA from 10 different inbreed rat straised animals) containing the
exons 1 to 3 and the respective introns was araglity PCR and directly
sequenced after purification on agarose gels.

The PCR mixture contained:

500 ng of genomic DNA as template

2.5l primer mix (1QuM)

10 ul 5x HB buffer (containing 7.5 mM Mgg)l
1 ul dNTPs (10mM)

0.5ul Phusion DNA polymerase

H>O until a final volume of 5@l was obtained

The primers used for PCR amplification and alsedaisequencing wegCD1d
fo 77 andgCD1d re 78.
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The PCR program repeated 30 times was:

10 sec at 98 °C
30 sec at 60 °C
45 sec at 72 °C

RT-PCR and direct sequencing of AV14- and BV 8-containing TCRs

In order to asses the presence of AVI€Ro and BV8 TCRB chains, AV14-
AJ18 rearrangements afieactin transcripts among thymocytes, splenocytés an
IHLs RT-PCR was performed as follows:

PCR Mixture (2Qul) contained:

1 ul cDNA template

1l primer mix (1QM)

8 u' H.0O

10 ul PCR Master Mix 2x containiniag DNA polymerase, MgG| and dNTPs

The primer pairs used were:

Amplified product Primers

B-actin RNBetaActFwd17 andRNBetaActRev18
AV14-AJ18 (Fig. 20) rValdlead gDNAf (50) and rJal8leagDNA r(51)
AV14-AC (Fig. 20) rValdlead gDNA f (50) andrCa_seg2nd 118
BV8-BC rvb8_seq fow 122 andrVVb8 seq rev_123

Table4. Primersused in RT-PCR analyses of AV14- and AV14-AJ18-containing TCRs.

The program followed in the Eppendorf Mastercyctepeated 28 and 35 times
for B-actin and for the other PCR products, respectjwess:

10 sec at 98 °C
30 sec at 66 °C
30secat72°C

13ul of PCR products were mixed withui3of 6xloading bufferand were loaded
onto 1% agarose gels containing [dg/ml ethidium bromide. After
electrophoresis DNA amounts were visualized andgedausing a UV

transilluminator (Intas UV System) equipped witbaanera.

In order to asses AV14 and AJ gene segment usag®¥'1l4 and AV14-JA18
comprising TCRs by direct sequencing, the primseduvere the same as in the
RT-PCR described above (Table 4) but the PCR nexdiffered.

PCR mixture (5Qul):

1-3.5ul cDNA template
2.5l primer mix (1QuM)
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10 ul 5x HB buffer (containing 7.5 mM Mgg)l
1 ul dNTPs (10mM)

0.5l Phusion DNA polymerase

32.5-35ul H0

The program followed in the Mastercycler (Eppengdarfd repeated 35-40 times

was:

10 sec at 98 °C
30 sec at 66 °C
30secat72°C

After purification on agarose gels, the PCR progslueere directly sequenced
using the same forward and reverse primers as én RA-PCR and the
rAV14int_124 primer.

- Insert preparation by PCR.
Inserts for cloning were generated by PCR with prencontaining the desired
modifications such as restriction sites or the eotitle sequences needed for the
creation of fusion proteins.
The PCR mixture generally contained:

2-3 ul of cDNA or 50 ng of cloned template
2.5l primer mix (1QuM)

10 ul 5x HB buffer (containing 7.5 mM Mgg)l
1 ul dNTPs (10mM)

0.5ul Phusion DNA polymerase

and RO until a final volume of 5@l

The program followed in the thermocycler and repéaf5 to 35 times
depending on the nature of the template was:

10 sec at 98 °C

30 sec at 66 °C

30 secat 72°C

Real time PCR
Real time PCR was conducted running triplicatese WCR mixture (25ul)
contained:

1 ul cDNA (previously cleaned with the DNA Clean andr@entratolV-5 Kit

1 pl primers (7.5uM AC primer mix or 2.5uM iTCR primer mix)

10.5ul H,O

12.5ul 2x MESA GREEN including: dNTPs, Metedag DNA polymerase, MgGl
8 mM, SYBR Green | and stabilizers.
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The primer-pairs used wem/ald Bendef 79/rJ281 Bende 80 andrt rCaEl fo
71rt_rCaE3 re 72 for amplification of AV14-AJ18 rearrangements (RCand the
constant region of the T@Rchain (AC), respectively (Fig. 21).

The protocol followed in the thermocycler iCycl&i¢-Rad) was:

Cycle 1 (1 repetition): 5 minutes at 95 °C

Cycle 2 (40 repetitions): 15 sec at 95 °C, 20 $85&C and 40 sec at 72 °C. Data
collection

Cycle 3 (1 repetition): 1 minute at 95 °C

Cycle 4 (1 repetition): 1 minute at 52 °C

Cycle 5 (86 repetitions): 10 sec at 52 °C and tinenease set point temperature
after repetition 2 by 0.5 °C. Data collection.

Cycle 6 (1 repetition): Hold at 15 °C.

Sequencing
Amplification of DNA was carried out in aj@ mixture containing:

3 ul template DNA (750 ng if the amplified template sMeontained in an expression
vector)

0.5ul sequencing primer (10M)

0.5l sequencing buffer

1 ul Big Dye terminator v3.1 containingNA polymerase and fluorescently-labelled
ddNTPs

25 amplification cycles were performed in the thecycler:

30 sec 96 °C
15 sec 50 °C
4 min 60 °C

Sequences were analyzed in an ABI sequencer.

Preparation and ligation of inserts and vectors

Inserts and vectors were prepared by digestion wastriction enzymes. The
digestion was performed following the manufactwgdridications. Purification of

digested DNA was carried out on agarose gels. Afteification small aliquots of

vector and insert were loaded on an agarose geélaatrophoresis was performed
in order to assess purity and relative quantityeath component. Ligation was
carried out at a 3:1 insert:vector ratio with DNA4 Tigase following the

manufacturer’s instructions.
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DNA purification from agarose gels

After electrophoresis, the fragment of the agamalecontaining the desired DNA
was cut out from the gel and DNA was extracted with different kits depending

on whether the purified DNA was going to be seqednar not. The Mini Elute Gel

Extraction Kit (Qiagen) was used to purify PCR prog which were subsequently
sequenced and the JET quick DNA clean Up Spin &énomed) was used to

purify vectors and inserts after digestion.

Transfor mation

1-10ul of the ligation product were added%0 or 100ul of competent cells contained
in a 1.5 ml plastic tube and incubated for 5 miaudr ice. Subsequently the tubes were
placed for90 seconds in a water bath preheated at 42 °Chandibes were returned
to ice where they were incubated for 2 minuteseAthe addition of 15Q! of LB-
SOC media, the bacteria were incubated for 1 hatlr agitation at 37 °C. Then the
bacteria were spread on 1 or 2 agar plates contpgelecting antibiotics and were

incubated over night at 37 °C.

Bacteria cultures

Most of the vectors used in this study containegiaitiin resistance. Thus, cultures
in agar plates and LB media were carried out witlthe presence of 100g/ml
ampicillin, unless the cultured bacteria contaimpedJSE-hlgGlvectors, in which

case, 5qug/ml Zeocin were added to low-salt LB-agar plated kquid cultures.

Mini, midi and maxi preparations of DNA vectors

Different volumes of bacteria cultures, depending tbe type of desired DNA
amounts were incubated overnight at 37°C with i@tat180 rpm): 5 ml for mini-
50 ml for midi- and 250 ml for maxi-preparationdl fhe DNA-preparations were
carried out with commercial kits following the idtions of the manufacturer. The
kits used were: GeneJET Plasmid Miniprep Kit (Fertas), and Midi and Maxi
JETSTAR Kits (Genomed). After purification of midind maxi-preparations, DNA
concentration measured by spectrophotometry (Meathsgdction 2.2.1) and
generally, an aliquot (250 ng) was digested analygeelectrophoresis to assess the

quality of the DNA sample.
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2.2.2 Cloning

2.2.2.1 Cloning of Mus musculus CD1d2 and Mus spretus CD1d1 into pczCFG5
I[EGN

Mus musculus CD1d2 andMVus spretus CD1d1 cDNA sequences were cloned into the
EcoRIl and BamHI sites of pczCFG5 IEGN. Vectors aonhg the CD1d cDNA
sequences amplified by PCR to use as inserts, kiuedéy provided by Wang, C.R and
are described elsewhere (Chen et al., 1999; Zinanhat., 2009). PCR was performed
using themCD1d fo EcoRl andmsCD1d BamHIrev_113 primers in order to introduce
the EcoRl and BamHI restriction sites at the 5 &@idends of the CD1d cDNA

sequences.

2.2.2.2 Cloning of rat CD1d cDNA into pczCFG51Z

CD1d cDNA sequences derived from LEW, DA, BN and3¥ymocytes were cloned
into the EcoRI and BamHI sites of pczCFG5 1Z af&R amplification of thymus-
derived cDNA with the primersrCD1d _EcoRl_f62 and rCD1d BamHI_r63 and

subsequent double digestion.

2.2.2.3 Cloning of rat p2-microglobulin into the retroviral expression vector
pczCFG5 1Z (Carried out by P. Neuhofer)

Rat f2-microglobulin was amplified from LEW splenocyteBNA by PCR using the
Mfel b2 fow P3 andrb2m BamHI re P2 primers, with which the restriction sites Mfel
and BamHI were introduced at the 5 and 3’ end$aimicroglobulin, respectively.
After double digestion with Mfel and BamHI, the wéisrg product was inserted into
the EcoRI and BamHI restriction sites of the rer@vexpression vector pczCFG5 IZ.
The sequence of the clonp8-microglobulin was identical to the sequence miigd in

the GenBank under the accession number NM_012512.

2.2.2.4 Cloning of mouse CD1d into pXlg (Carried out by E. Pyz and 1. Muller)

As previously described by others (Schumann e@03), thaxl-a3 domains of mouse
CD1d cDNA were cloned into Mlul and Xhol restriaticites of the pIXg vector. For
this purpose, the insert was prepared by introgdubiful and Xhol restriction sites by
PCR using mouse CD1d cDNA cloned into pczCFG5 Bz(et al., 2006) as template
and the mCD1d-MD-Mlul-Fow and mCD1d-MD-Xhol-Rev primers. To assure the
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correct sequence of the mouse CD1d-IgG1 fusion catde sequencing was carried out

with the primerspX/lg fow, N4 (fow), r/mCD1-alphal-Re andpX/Ig rev.

2.2.2.5 Cloning of rat CD1d into pXIg (Carried out by E. Pyz and I. Mdiller).

As mouse CD1d, the cDNA encoding tht-o3 domains of rat CD1d was cloned into
the Mlul and Xhol restriction sites of the pXilg vec By PCR, CD1d cDNA was
amplified from rat CD1d cloned into pczCFG5 IEGZ/£Ret al., 2006) and restriction
sites were introduced:CD1d-MD-Mlul-F and rCD1d-MD-Xhol-R are the primers
which were used. The signal sequence of CD1d wasnotuded, because the pXlg
vector contains the signal sequence of the IgGinhehain. In order to prove the
correct insertion of rat CD1d into the pXlg vectpK/lg fow, N4 (fow) andpX/lg rev

primers were used for sequencing.

2.2.2.6 Cloning of rat p2-microglobulin-CD1d fusion protein into the pFUSE-
hlgG1-Fc2 vector

First of all, rat CD1d was cloned into the pFUSIg1-Fc2 plasmid, creating a fusion
protein with the rat CD1d extracellular domaird{ a3) inserted between the IL-2
signal sequence and the human IgG1 Fc portion. dbéd insert was produced by
PCR from previously cloned rat CD1d cDNA (Pyz et &006) using the primers
rCD1dEcoRI Fc2 88 andrCDl1dBamHI Fc_86. The PCR product contained the EcoRl
and BamHI restriction sites, and after double digesit was inserted into the EcoRl
and Bglll sites of the pFUSE-hlgG1-Fc2 vector. Stheently, rat32-microglobulin
was attached to this fusion protein-construct. Aie &nd, raB2-microglobulin cDNA
was amplified from a retroviral expression vectsed methods section 2.2.2.3) using
rb2 Munl fo_105 andrb2m Munl rev_106 primers, which did not amplify the rge-
microglobulin signal sequence. These primers altbwet only to insert the Munl
restriction site at both, 5’ and 3’ ends of fii'emicroglobulin cDNA, but also to include
a glycine-serine linker at the 3’ end. The resglforoduct was digested with Munl and
inserted into the EcoRI site of the previously €dnrat CD1d pFUSE-hlgG1-Fc2
plasmid. Sequencing was carried out with pr& SE Fc fow 90 andpFUSE Fcrev 91
primers to assure that the final fusion proteinsists of the IL-2 signal sequence, rat
B2-microglobulin linked to rat CD1d by a glycine-ser linker and, at the 3’ end of
CD1d, the human IgG1Fc portion.
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2.2.2.7 Cloning of rat CD1d into the pM T/BioHis-1 A a vector

In the first place, in order to allow the insertiohrat CD1d between the BiP signal
sequence and the biotinylation site contained énp T/BioHis-1A%: vector produced
by M. Schiemann, Institute of Medical Microbiologiept. of Medicine, Technical
University Munich (Schiemann, 2005), the Kpn2l nesibn site was included before
the specific biotinylation sequenbg site directed mutagenesis with the QuikChange I
Site Directed Mutagenesis Kit. The primers usedew&n2l Forward and Kpn2l
Reverse. This vector contains a metallothionein promoter anBiP signal sequence
which are necessary for protein production in SERBsc After addition of the Kpn2l
restriction site, the insert (an MHC dl chain) was excised by double digestion with
Sacll and Kpn2l and replaced by the extracelluandins of rat CD1d. The rat CD1d
insert was prepared by PCR using rat CD1d cDNA (&yal., 2006) as template and
the Ok CD1d Sacll For andCD1d Kpn2l Rev primers, followed by double digestion
with the Sacll and Kpn2l restriction enzymes. Seguey of the final plasmid was
carried out with thé/T Forward andBGH Reverse primers.

2.2.2.8 Cloning of rat p2-microglobulin-CD1d into the pcDNA3.1/V5 His A Bio
vector

The fusion protein containing the IL-2 signal sewges ratp2-microglobulin and rat
CD1d (see methods section 2.2.2.6), previously toocted for the production of the
human Fc dimers, was amplified by PCR with th&ko EcoRV_111 andrCD1drev
Xhol_112/3 primers. After double digestion it was insertetbithe EcoRV and Xhol
sites of the pcDNA3.1/V5 His A Bio vector 5’ to thotinylation sequence and the
polyhistidine tag. Sequencing of the final condtrwas carried out with thpcDNA3
fo_107 andpcDNA3 rev_108 primers.

2.2.2.9 Cloning of rat p2-microglobulin-CD1d into the pMT/BiP/His/Strep Taglll-

| APa vector

To produce the rat CD1d strep-tag fusion constriet,cDNA encoding the rg2m-
CD1d fusion protein (described in the methods eacf.2.2.6), was cloned into the
pMT/BiP/His-IA°a StrepTag lIl. This vector contains the BiP sigsefjuence necessary
for secretion in SC2 cells. Therefore, the patmicroglobulin CD1d construct was
cloned into the Sacll and Kpn2l restriction sitethaut the IL-2 signal sequence. The

vector was linearized by double digestion with $aad Kpn2l and the insert (a mouse
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MHC class lloa chain) was replaced by the f32m-CD1d construct. The Sacll and
Kpn2l restriction sites in the rap2m-CD1d insert were introduced by PCR
amplification using theb2mSacll_114 and CD1d Kpn2l Rev primers. Sequencing of
the final construct was carried out with td& Forward priming site andrCD1d seq_61
primers to assure that it contained the BiP sigegluence, rgi2-microglobulin fused

to CD1d by a glycine-serine linker and the strgp-ta

2.2.2.10 Cloning of AV 14-containing TCRa chains

AV14-containing TCR chain cDNAs were cloned into the EcoRIl and BamHthe
retroviral expression vector pczCFG5 IZ after RTRP&@nplification of splenocytes or
intrahepatic lymphocytes-derived RNA using the @nisrVal4EcoRI-Fow andCa end

BamH1 antisense.

2.2.3 Production and purification of CD1d oligomers

2.2.3.1 Mouseand rat CD1d-1gG dimers

Plasmids encoding CD1d-IgG proteins were transtediy electroporation (after

linearization with Pvul) into the endogenoughlight chain expressing J558L murine
plasmocytoma cell line, as previously described(eck, 2000). After G-418 selection
and single cell cloning, screening of clones sewgetigh CD1d-Ig levels was carried

out with the CD1d Sandwich ELISA described in theetmods section 2.2.6.

Subsequently, J558L cells producing rat CD1d-Ig@ets were retrovirally transduced
with rat f2-microglobulin. Dimers were purified from largease serum-free cultures

(ISF-1 media) by protein G affinity chromatograpiMethods section 2.2.3.6). Protein
purity of the different eluted fractions was mongd by SDS-PAGE and Coomassie
Blue R250 staining (Fig. 14). Fractions contain@@®1d dimers were collected and
concentrated using Centriprep YM-30 columns or ¥pia 6 (50.000 MWCO) at the

same time as the elution buffer was exchangedB@&. Final protein concentration was

determined by photometry.

2.2.3.2 Rat p2-microglobulin CD1d human Fc dimers

293T cells were transfected using calcium chlorsddected with Zeocin, and cloned by
limiting dilution. Clones were screened for protegtretion by CD1d Sandwich ELISA
(see methods section 2.2.6) and the clone expgesbm highest levels of rdi2-

microglobulin CD1d human Fc (r&m-CD1d-hFc) dimers was expanded with serum
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containing media (DMEM). Prior to protein purificat, culture media was exchanged
by serum free media (ISF-1) and 48 hours later stipernatant was harvested. Protein
was purified by protein G affinity chromatographygthods section 2.2.3.6). Purity of
the different eluted fractions was controlled by SPAGE followed by Coomassie
Blue R250 staining (Fig. 14). As described for tmeuse CD1d-lgG dimers, the
fractions containing the r@@m-CD1d-hFc dimers were collected, concentratedtiaad
elution buffer was exchanged for PBS using a Cerp YM-30 column. Since other
proteins were present in the preparation (Fig. @dly half of the protein concentration

obtained by photometry was considered to b@2at-CD1d-hFc dimers.

2.2.3.3 Rat CD1d production in SC2 drosophila cells

Rat CD1d fused to a specific biotinylation sequeiotiewed by a polyhistidine tag (rat
CD1d-biotag) was constructed as described in théhads section 2.2.2.7. Plasmid
transfection into SC2 cells, selection and isolatxd CD1d producing clones, protein
purification and biotinylation was performed by Mchiemann, Institute of Medical
Microbiology, Dept. of Medicine, Technical UnivelssiMunich as previously described
by A. Bendelac and colleagues (Benlagha et al.0R@®otein purity was monitored by
SDS-PAGE and Coomassie Blue R250 staining (Fig. 14)

2.2.3.4 Rat p2-microglobulin-CD1d production in 293T human cells

293T cells were transfected with the vector desctiim the methods section 2.2.9 using
calcium chloride and selected with G-418. Aftergéincell cloning, the clone producing
the highest amounts of soluble rat CD1d proteirgnidied by analyzing the
supernatants using CD1d Sandwich ELISA (Methods@eR.2.6), was expanded with
serum containing media (DMEM). 72 hours prior hatirgg, media was exchanged by
serum free media (HyQ). S. Saremba, Julius von Sacstitute, Dept. of Biology,
University of Wairzburg, purified the CD1d solublerofein by Ni-NTA
chromatography. Protein purity was assessed by BBAGE and Coomassie Blue R250
staining (Fig. 14). Concentration was determineggtometry, taking in consideration

the molar absorptivity of the final rA2m-CD21d fusion protein.
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2.2.35 Rat B2-microglobulin-CD1d linked to a streptag production by SC2
drosophila cells

Transfection with the plasmid encoding the fusioot@n described in the methods
section 2.2.2.9 into SC2 drosophila cells, selectbthe clones producing CD1d and
protein purification using the strep-tag was carrt by M. Schiemann, Institute of
Medical Microbiology, Dept. of Medicine, Technidahiversity Munich. Protein purity
was assessed by SDS-PAGE and Coomassie Blue Ribibgt(Fig. 14).

2.2.3.6 Protein G affinity chromatography

1 ml of Protein G sepharose 4 Fast Flow stored RBIS containing 0.9% of sodium
azide at 4 °C was placed in a Poly-Prep 9 cm colanghwashed firstly with 5 ml of 50
mM diethylamine (pH 11) at 1 ml/min and secondlfhn10 ml PBS. The supernatant
of 1.5 | of J558L cultures (in serum free media)sv@aded at 1ml/min. The column
was washed with 10 ml of PBS and with 5 ml of PB8&taining 1M NaCl. Elution was
carried out with 5 ml 50 mM diethylamine (pH 11)daprotein was collected in 1.5 ml
plastic tubes containing Tris buffer (2M at pH &00ul Tris for 5 ml eluted proteins).
After elution, the column was washed with 20 mP&S and further purifications were
carried out until the concentration of the dimeostained in the supernatant had dropt
at least to one fifth of the initial concentratitmonitored by CD1d Sandwich ELISA,

methods section 2.2.6).

2.2.3.7 Photometric deter mination of protein concentration

Monoclonal antibody and dimer concentrations weeasared by photometry using the
Ultrospec 2000spectrophotometer and calculated using the formAgg*1.46 -
A2600.74 = ¢ (mg/ml), where A is absorbance and miscentration. The concentration
of monomeric rat f2m-CD1d-biotag (Methods section 2.2.3.4) was meabsur
considering the molar absorptivity of the finalifus protein with the formula: ¢ =A4q/

e L, where L is 1 cm; A the absorbance at 280 nmeath@ molar absorption coefficient
which can be calculated with the formula:= (nW*5500) + (1\Y*1490) + (nC*125),
wheren is the number of each amino acid residue andttdtedsvalues are the amino
acid molar absorptivities at 280 nm (W, tryptoph#éntyrosine and C, cysteine).
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2.2.3.8 Coomassie Blue staining

After proteins were separated by SDS-PAGE and stgclgel was removed,
polyacrylamide gels were submerged for 4 to 16 fionrCoomassie Blue staining
solution. Subsequently, several incubations wemgieth out with destainig solution
until the polyacrylamide gel appeared transparemt proteins could be visualized

stained in blue.

2.2.3.9 Specific biotinylation

Specific biotinylation of the soluble CD1d-purifiggotein (150ug) from 293T cells
supernatants (Methods section 2.2.3.4) was caouédvith BirA (3 ug) enzyme during

2 hours and 45 minutes at 30 °C and in a finalmelwf 279.511, conditions which are
recommended by the manufacturer. Specific biotimytawas assessed by incubating
the biotinylated samples during 2 hours at roomperature in Polystyrene 96 well
plates which had been pre-coated overnight withub®f unconjugated 233 mAb
diluted in coating buffer (100 ng/ml). After 5 waish steps with PBS containing 0.05%
Tween, SA-HRP was added, incubated 1 hour at reonpérature. Plates were washed
5 more times (30 sec to 1 min incubations) and tsaties solution was added for 30
minutes. Reaction was stopped by addition ofuP6f 2M H,SO, solution and plates
were read at 450 nm in the Vmax Kinetic MicroplReader (Molecular Devices).

2.2.3.10 Lipid loading into CD1d molecules

a-Gal andp-Gal loading into CD1d recombinant proteins (ratl anouse CD1d-1gG
dimers, raf32m-CD1d-hFc dimers and of rg2m-CD1d-streptag) was carried out at 37
°C during 24 hours in the presence of 0.05% TRITONO. Rat and mouse CD1d-1gG
dimers were loaded with 40x molar excessi-@al or-Gal at a final concentration of
250 ug/ml. The raf32m-CD1d-hFc dimers were also loaded with a 40x mekaess of
a-Gal or B-Gal but at a final concentration of 13&/ml. Rat f2m-CD1d-streptag
monomers were loaded with 20x molar excess-Gal orp-Gal at a final concentration
of 100ug/ml.

2.2.3.11 Oligomerization of rat p2-microglobulin-CD1d linked to a streptag

Rat p2m-CD1d-streptag monomers loaded wittGal or B-Gal as described in the
methods section 2.2.3.10, and thus containing 0.08%@ ON X-100, were incubated
with Strep-Tactin-PE for 45 min on ice. For eaclenogram of rap2-m-CD1d-streptag
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monomers, ul Strep-Tactin-PE were added in a final volume 0fub achieved with
the addition of FACS buffer.

2.2.4 Immunopr ecipitation

Thymocytes and transduced cell lines were biotteglavith 2 mg/ml Sulfo-NHS-LC-
Biotin in PBS for 15 min on a rotating platform&®C and washed twice with RPMI
(supplemented as for cultures) followed by two #&ddal washing steps with
BSS/BSA. After biotinylation, 18ransductants or 5*I@hymocytes were lysed in 1 ml
of IP lysis buffer for 30 min on ice. Nuclei weremoved by centrifugation immediately
after lysis. Subsequently, the lysate was pre-&esbone hour on Protein A Sepharose
at 4 °C. For specific immunoprecipitation, Prot&irSepharose beads were pre-coated
with rabbit anti-mouse IgG before the addition obmaclonal antibodies. Then, the
matrices were covalently linked as previously diésd (Schneider et al., 1982). Pre-
absorbed lysates were incubated overnight withiBpesmmunomatrices. Precipitates
were then washed four times with IP lysis buffed avere resuspended in IP loading
buffer and boiled for 5 min before loading onto SBAGE. The molecular weight
marker used, PageRuler™ Prestained Protein Ladder,purchased from Fermentas.
After SDS-PAGE and blotting, membranes were incedbatvith streptavidin-HRP
diluted 1:10000 in PBS containing 0.1% Tween dutiwug hours at room temperature.
After four washing steps with PBS containing 0.1%€€n detection was carried out

using commercially available ECL reagents.

2.2.5Western blot analysis

2.2.5.1 Binding capacities of anti-CD1d mAbs under reducing and non-reducing
conditions

In order to asses the binding capacities of the 333and 58 mAbs under reducing and
non-reducing conditions, 250 of whole cell lysate-proteins from P80 cells sdoced
with rat CD1d (2*10 P80rCD1d cells were lysed in 1 ml of lysis buffagre mixed
with reducing and non-reducing WB loading buffed amere separated by SDS-PAGE.
In this case the stacking gel was casted with abcoomtaining one large sample well
and one reference well. Proteins were transferoed Roti-polyvinylidene difluoride
membrane. Protein-free sites of the membranes ecked with PBS containing 0.1%
BSA and 5% non-fat dried milk was carried out dgrone hour at room temperature.

After washing five times with PBS containing 0.1%den, membranes were placed
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into a multiscreen apparatus which allowed the liation of the membranes with at
least 20 different antibodies solutions (specifitizodies and final concentrations are
specified in the legend of Fig. 2). After overnightubation at 4 °C with the different
antibody solutions, the membranes were washed anddbantibody was detected with
a secondary HRP-conjugated Goat anti-mouse secprafdibody diluted in PBS

containing 0.1% of Tween and 2.5% of non-fat dnedk during one hour at room

temperature. After four washing steps with PBS ammg 0.1% Tween, detection was

carried out with commercially available ECL reagent

2.2.5.2 Binding of 233 and 35 mAbsto mouse and rat CD1d

For the analysis of cell lines expressing rat amdise CD1d, whole cell lysates (2¥10
cells in 1 ml WB lysis buffer) were mixed with WBn-reducing loading buffer and 18
ul were separated by 10% SDS-PAGE. The molecularghteimarker used,
PageRuler™ Prestained Protein Ladder, was purcHesedFermentas. Proteins were
transferred to a Roti-polyvinylidene difluoride mierane. For CD1d detection, 233 and
35 mADbs were used at a final concentration of u@bnl. Protein loading control anti-
ERK2 rabbit polyclonal antibody was used at a fic@hcentration of 2 pg/ml. Primary
antibodies were detected with HRP-conjugated gatinaouse antibody. All antibodies
were diluted in PBS, 0.1% Tween and 2.5% non-fegddmilk. Films were developed

by chemiluminescence using self-made or commeycaaddilable ECL reagents.

2.2.5.3 Western blot of proteinsderived from rat tissues

Protein preparation from rat tissues was performgdlisrupting the tissues with a
rotor-stator homogenizer directly into WB lysis fauf supplemented with protease
inhibitors. After protein concentrations had beestedmined by using the Bio-Rad
protein assay, 2@g of protein were mixed with WB non-reducing loaglibuffer,
boiled, and separated by 10% SDS-PAGE. For detectiacCD1d, only the 233 mAb
was used. The protocol followed was the same asribed in the previous section
including the anti-ERK loading control (Methods seg 2.2.5.2).

2.2.6 CD1d Sandwich ELISA
A CD1d Sandwich ELISA was established with the 288 35 mAbs and carried out in
Polystyrene 96 well plates. Proteins derived fraam €D1d transduced P80 cells

(complete cell lysate, 2*f@ells /ml) were used as standard.
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» Coating was carried out overnight with the uncoajeg 233 mAb diluted in
coating buffer at a final concentration of 100 nig{&® pl).

» Plates were washed five times with PBS-T (0.05% awy€200ul).

* Non-specific binding sites were blocked with PBSitaining 10% FCS (104l) 1
hour at room temperature.

» Plates were washed five times with PBS-T (0.05% anwy€200ul).

» Samples (5@l) were incubated for two hours at room temperature

* Plates were washed five times with PBS-T (0.05% anwy¢200ul).

* Biotinylated 35 mAb (50ul) diluted in PBS containing 10% FCS, at a final
concentration of 176 ng/ml, was incubated for ooertat room temperature.

» Plates were washed five times with PBS-T (0.05%dny (200ul), with 1 min to
30 sec soaks.

* Substrate solution (5@) was added and incubated from 10 to 30 min deipgnah
the velocity of the reaction

e 25yl stop solution (2M HSOy) was added to each well.

Plates were read at 450 nm within 30 minutes gt reaction in the Vmax Kinetic

Microplate Reader (Molecular Devices).

2.2.7 Routine cell culture methods

2.2.7.1 Cdll culture

Cells were cultured in sterile conditions at 37 with 5% CQ and HO-saturated
atmosphere. Unless otherwise indicated, cell lmese cultured with RPMI 1640
supplemented with 5% FCS, 1 mM sodium pyruvateb 2M glutamine, 0.1 mM
nonessential amino acids, 5 mpAmercaptoethanol and Penicillin-Streptomycin 100
U/ml. J558L cells and primary cells, unless otheewnspecified, were cultured with
RPMI 1640 supplemented additionally with 10 mM HEP&hd 10% FCS. 293T cells
were cultured with DMEM containing pyruvate suppésited with 10% FCS and
Penicillin-Streptomycin 100 U/ml. For adherent seATV was used to detach cells

from the plates.
2.2.7.2 Freezing and thawing

Cell lines were cryopreserved at -140 °C. For puspose cells were harvested and

resuspended in 1 ml of freezing media. Before feariag them to -140 °C, cells were
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frozen at -70 °C. When cells were again culturelsvwere thawed at room
temperature and immediately washed with completdiantvice. After washing, the
pelleted cells were resuspended in fresh mediareudbated at 37 °C.

2.2.7.3 Preparation of primary single cell suspensions

Animals were sacrificed by asphyxia with €QVhen PBCs were analyzed, heart
puncture was firstly performed and heparin was dddehe collected blood in order to

avoid coagulation. After dissection, organs weraageed and kept in BSS/BSA at 4°C

until tissue disruption.

2.2.7.3.1 Single cell suspension from thymus and spleen

Organs were homogenized by passing them throughetal nmesh, cells were
transferred to a 15 ml tube in 14 ml BSS/BSA andewet stand for 10 min to allow
that tissue debris settle at the bottom of the.t®wpernatant containing the cells was
transferred to a fresh 15 ml tube and centrifuget6@0 rpm for 5 min at 4 °C. Then,
always in spleen preparations and if desired imilgy preparations, erythrocytes were
lysed by incubating the cell pellet with 3 ml TAQffer for 10 minutes at room
temperature. Subsequently, 10 ml of BSS/BSA weded@nd cells were centrifuged at
1600 rpm for 5 min at 4 °C. Cells were washed ahdit@nal time with BSS/SBA,

resuspended into BSS/BSA or complete media andtedun

2.2.7.3.2 Intrahepatic lymphocytes prepar ation

Mouse and rat intrahepatic lymphocytes were isdlatepreviously described by E. Pyz

et al. (Pyz, 2004; Pyz et al., 2006) with slightdifications. 100% Percoll was prepared

with 90 ml Percoll and 10 ml 10x PBS. Different centrations of Percoll were
prepared with this 100% Percoll and RPMI 1640 coimg 5% FCS. Percoll solutions
were used at room temperature to avoid gradiemiietions.

- After excision of any other organ which also wasngoto be analyzed, heart
puncture was performed in order to reduce the bftmwdng in the animal.

- Blood was flushed of the liver by perfusing it wB$S/BSA (100 to 180 ml in rats
and 10 ml in mice) through the portal vein withyairsge until the liver became
pale.

- Once all the blood had been eliminated from therlithis organ was removed and

placed in a 10 cm dish containing BSS/BSA and kégt°C until homogenization.
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- Liver was cut into small pieces and homogenized lass/Teflon Potter Elvehjem
homogenizer.

- Liver homogenate was then passed through a staiatesl mesh adding BSS/BSA
up to a final volume of 50 ml and cells were transfd into a 50 ml tube, in case of
rats and into a 15 ml tube in case of mice.

- Cell suspension was centrifuged at 1600 rpm at 4°C.

- Pellet containing cells was resuspended into 408edR€28 ml with rat livers and
7 ml with mouse livers) and layered over of 80%cBir(12 and 4 ml, with rat and
mouse livers, respectively).

- Centrifugation was carried out at 2500 g (rcf) with brake for 20 minutes at room
temperature.

- The supernatant containing liver tissue was asairéd facilitate the collection of
the lymphocytes from the interface. Some erythreegppeared at the bottom of the
tube.

- Lymphocytes were harvested from the interface (1Zomrats and 2 ml for mice
approximately), transferred to a fresh 50 ml tubd washed with 35 ml BSS/BSA
(10 min 1600 rpm at 4 °C).

- Pellet was washed an additional time with BSS/BSA

- Cells were resuspended in 5 or 10 ml BSS/BSA orpteta RPMI media and
filtered through a 7@m mesh.

- Cells were counted and kept on ice until furthes. us

2.2.7.3.3 Isolation of peripheral blood cells

Heparin treated blood was isolated by heart puecamd transferred to a 15 ml plastic
tube. After washing 2 ml of blood with 50 ml BSSMB8y centrifuging at 1600 rpm for
10 minutes, erythrocytes were lysed by 3 to 4 iatioins with 10 ml TAC buffer. After
each lysis-incubation, cells were washed by addihgnl BSS/BSA directly to the cells
contained in TAC buffer and centrifugation for 10nnmat 1600 rpm. After lysis of
erythrocytes, the pelleted cells were resuspendam BSS/BSA or complete RPMI

1640 media and counted.

2.2.7.3.4 1 solation of peripheral mononuclear blood cells
2-4 ml blood were collected by heart puncture aadted with heparin and diluted with

an equal volume of phosphate buffered saline (PB&od samples were carefully
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layered over 3 ml of Ficoll-Hypaque in a 15 ml tudoed centrifuged at 400 rcf for 30
minutes at 20 °C with no brake. The PBMCs at thteriace were aspirated with a
Pasteur pipette and washed twice with BSS/BSA.ABBICs were finally resuspended
in 1 ml of RPMI medium or BSS/BSA and counted.

2.2.8 Primary cell cultures

2.2.8.1 Stimulation assays and analysis of cytokinerelease

Primary cells harvested as described in the metkedson 2.2.7.3 were cultured for 24
hours in 96 well plates (U bottom) with differerinsuli: a-Gal, B-Gal, ConA or only
media. The final concentrations of these stimuleath experiment are specified in the
legends of the figures. Cell numbers added to eaghwere 2*1§ thymocytes, 2*10
splenocytes and 5*P0HLs, unless otherwise indicated in the figure lede In CD1d-
blocking experiments, purified antibodies or is@gpecific controls were added to the
culture at a final concentration of 3u@/ml. After harvesting the supernatants cytokine
production was quantified using commercial ELIS#skKrom BD Biosciences (rat and
mouse IFNy and IL-4).

2.2.8.2 Seven-days intrahepatic lymphocytes cultures
10 intrahepatic lymphocytes were incubated for sevaysdvith 1ml RPMI* per well
in 48-well plates witha-Gal (20 ng/ml),p-Gal (20 ng/ml), ConA (Jug/ml), or only

media.

2.2.83Rat IL-4 ELISPOT assay

Rat IL-4 ELISPOT assay from BD Biosciences was iedrrout following the
manufacturer’s instructions using 250.000 IHLs® ¢plenocytes orl.5*fahymocytes
per ELISPOT well. In CD1d-blocking experiments, ipad antibodies or isotype-
specific controls were added to the culture ahalfconcentration of 3.6 and 7ug/mi
in splenocytes and IHLs cultures, respectively. Boestrate used was B AEC
Reagent. Spots were automatically enumerated armlyzmd using the CTL-
ImmunoSpot S5 Versa analyzer ELISPOT reader anduima@pot 4.0 Software (CTL).

2.2.9 Transfection of 293T cells
Calcium chloride transfection of 293T cells wasrieal out with two different purposes:

First, to produce retrovirus for transduction ofyj@ne of interest into other cells as

60



previously described by Soneoka et al. (Soneolké £1995) or second, to obtain 293T

cells which produced and secreted CD1d recombip@ateins. The same protocol was

used for both aims, only the plasmids which wesegfected were different. 293T cells
were cultured in DMEM (containing HEPES) except during the transfecsitp.

Day 1

1.5%10°293T cells were plated into a 6 cm tissue cultisé dith 5 ml DMEM'.

DNA was precipitated with 500l iso-propanol in a 1.5 ml tube at maximum speed
(13.000 rpm) precipitation. Once iso-propanol hagkrb discarded, DNA was
sterilized by adding 500l of ethanol (70%) and inverting the tube seveirakes.
After 30 min centrifugation at maximum speed forrBbhutes at 4C, ethanol was
discarded and the tubes were dried in the lamilwav hood to maintain sterile
conditions. Once all ethanol had been evaporat®&th Was resuspended into 100
ul of sterile HO and was kept at 4C, if used the next day or at <ZDif used at a
later time point.

The total amount of DNA transfected in each culdish was 1ug. For production

of retrovirus; 5ug of pHIT 60, 5ug of pVSV and 5ug of the retroviral expression
vector containing the gene of interest were présigd together. For CD1d-
recombinant protein expression; {§ of the desired vector (see methods sections
2.2.2.6 and 2.2.2.8) were precipitated.

Day 2: Transfections

After aspiration of the media in which the 293Tlgdlad been cultured, 4 ml of
fresh DMEM without HEPES were gently added. Cultdishes were incubated one
hour at 37C, 5% CQ, in order to equilibrate the pH of the media.

The transfection mixture was prepared as follov@& |8 of sterile HO and 62ul of
CaCh 2M were added to the 100l of H,O containing the DNA previously
prepared, obtaining a final volume of 500 Then, 50Qul of 2X HBS were pipetted
into a fresh sterile 1.5 ml tube and the mixturd®dfA and CaClwas added to the
2x HBS while “bubbling” with a Pasteur pipette aagipette helper. The mixture
was incubated for 15-20 minutes at room temperaaace added drop wise to the
culture plates. Dishes were carefully shacked oteoto distribute the precipitate

evenly. Dishes were incubated 6 to 8 hours 4C3B5% CQ. Subsequently media

61



was aspirated and replaced by 5 ml of fresh DME®ells were incubated over
night at 37 °C with 5% C£©

- Day 3 (only carried out if the aim of the transfeot was the production of
retrovirus)
Media was replaced with 5 ml D-MEMcontaining 10 mM Na-Butyrate and cells
were incubated for six to seven hours at°87with 5% CQ. Subsequently Na-
Butyrate containing media was aspirated and reglageh 5 ml of fresh DMEM

media and cells were incubated overnight at@with 5% CQ.

2.2.10 Retroviral transduction

At day four of the tranfection procedure, targell tiees were tranduced with the
supernatant derived form the transfected 293T ¢etistaining the retroviral particles).
The viral supernatant was aspirated with a syrange passed through a 0.@sn filter.
10° target cells were infected with 3 ml of viral sumpsant containing 4ug/ml
Polybren. Infection was carried out 30 minutesaf@ in the cell culture incubator, 3
hours centrifuging at 2000 rcf at 37 °C and 30hertminutes again at 37 °C in the cell
culture incubator. Finally, viral supernatant wastenged by fresh culture media (for
example, RPMI 1640).

2.2.11 Immunofluor escence and flow cytometry

Flow cytometry was carried out using a FACSCalifBD Biosciences) and data were
analyzed with CellQuest (BD Biosciences) or Flowdtiware (Tree Star).

For the analysis rat and mouse primary cells, 102¢&lls were diluted in 10Ql FACS
buffer. When mouse primary cells were stained, aaiic binding to Fc receptor was
blocked using the 2.4G2 mAb. Combinations of arties and/or CD1d oligomers used
in each staining are specified in the figure legenhen mouse-derived unconjugated
antibodies or CD1d-1gG dimers were used in multcdtainings, samples were first
incubated only with the unconjugated reagent, waslend bound antibody was
detected by incubation with a FITC or PE labeledky F(ab’)2 fragment anti-mouse
IgG (H+L) with minimal crossreaction to rat and etlspecies serum proteins. After a

further washing step, unspecific binding to the ldgn anti-mouse reagent during
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subsequent stainings was blocked by adding substamhounts of serum mouse IgG
for 15 min.

Staining of BW cells expressing a rat semi-invaria@R (rAV14S6 + CDR2+4, (Pyz
et al., 2006)) with various CD1d oligomers was iearout as specified in the legend of
the figures 15 and 16.

2.2.12 Statistical analysis
Statistical differences between various cell popohes were analyzed by conducting
two-tailed paired Student’s t test: see resultsiae@.8. All analyses were performed

with the statistical software GraphPad Prism.
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3 RESULTS

3.1 Further characterization of rat CD1d specific mAbs

The lack of monoclonal antibodies had impairedgtuely of CD1d and its function in
the rat. Therefore, five different hybridomas: 2333, 244, 35 and 58, which secreted
anti-rat CD1d mAbs had previously been generatedumlaboratory (Pyz, 2004) and
were further characterized in this thesis. All #uatibodies bound to rat CD1d on
primary thymocytes or transduced cell lines. Imauotty, the mAbs 232, 233 and 35
recognized mouse CD1d1 on transduced cells or thytes with the same efficacy as
rat CD1d while, mAbs 244 and 58 only showed sudssireactivity for mouse CD1d1
expressed by transduced cells but not for CD1dipegrimary mouse cells.

Titrations and cross-competition flow cytometricases using primary as well as
CD1d-transduced cells revealed indistinguishalheling properties of 232 and 233 on
the one hand, and of 244 and 58 mADbs on the otled.hThe antibody with the highest
avidity for CD1d was 35, followed by 232 or 233 aoygl 58 or 244. Moreover, the
mADbs 35 and 232 or 232 do not cross-compete wiiilarisl 244 partially compete with
35 and with 233 or 232.

Part of the results presented in this doctoral ishebtained with two of these
monoclonal antibodies (233 and 35) has already breported by us in a recent
publication (Monzon-Casanova et al., 2010). In thislished work the 233 and 35
mAbs were renamed as WTH-1 and WTH-2, respectivelgyder to give to the mAbs

a more distinctive name than only numbers.

3.1.1 Determination of V (D) J gene segment usage

In order to analyze which V-(D)-J gene segmentsiftire variable regions of the heavy
and light chains of each hybridoma, both chainsewamplified by RT-PCR and
sequenced. RT-PCR was carried out according to ¢véaal., 2000) but using slightly
modified degenerate forward primers. The isotypalbfmnAbs was IgG2&, therefore
the same primers were used for PCR amplificatioalloheavy chains. Sequencing of
the heavy chain was successful for all the hybrig®mvhereas it was only possible to
sequence the light chain of 244, 35 and 58. Ideatibn of which V-(D)-J segments
were used was accomplished using IMGT/V-QUEST ae tmternational
ImMMunoGeneTics information system (Brochet et &008). This and the direct

comparison between the sequences obtained formtiascof the different hybridomas
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revealed on the one hand, identical heavy chaintlseo232 and 233 hybridomas and on
the other hand, that also the 244 and 58 heavylight chains were the same. In
contrast, the variable regions of the heavy anhtIghains of the hybridoma 35 are
distinct from all the other mAbs (Table 5).

Hybridoma Heavy chain Light chain
IGHV12-1-1*01
232 IGHJ4*01 no PCR product was obtained

IGHD1-14*01 in reading frame 2
IGHV12-1-1*01

233 IGHJ4*01 no PCR product was obtained
IGHD1-14*01 in reading frame 2
*
IGHV3S1*01 IGKV6-2501
244 IGHJ3*01 IGKI2*01
various IGHD
_ *|
IGHV1-7701 IGKV19-93+01
35 IGHJ4*01 IGKI2*01
IGHD1-1*01 in reading frame 3
*
IGKJ2*01

various IGHD

Table 5. Gene segment usage of the heavy and light chains of the five studied hybridomas.
Identification of the gene segments was carriedusirig the V-QUEST integrated alignment tool under
the IMGT information system (http://imgt.cines.MGT_vquest/share/textes/imgtvquest.html)

3.1.2 mAb reactivity in immunopr ecipitation and Western blot analyses
Immunoprecipitation and Western blot experimentsewserformed in order to further
confirm CD1d specificity of the mAbs, as well as study their reactivities under
denaturating conditions. As shown in figure 1 tieeé¢ mAbs (233, 35 and 58)
precipitated two chains from primary rat thymocytes well as from rat CD1d
transduced cells. Under reducing conditions theasgpy molecular size of the heavy
chain was between 50 and 60 kDa, correspondingetti¢avily glycosylated CD1d and
the light chain run at the expected weighf3@tmicroglobulin (12 kDa). Precipitation
by 58 mAb was less efficient than by 35 or 233.tlk@mmore, the ratio of precipitated
B2-microglobulin to CD1d heavy chain was lower thimm the other two mAbs.
Densitometric analysis of material precipitatedvirprimary rat cells revealed ratios of
0.15, 0.65 and 0.63 for 58, 35 and 233, respegtividle equivalent ratios for rat CD1d
transductants were: 0.07, 0.62, and 0.87.

233 and 35 precipitated the corresponding heavy lagit chains from mouse
thymocytes and from mouse CD1d1-transduced celdevmAb 58 precipitated only
very weakly the heavy chain from lysates of mou&kL€ transductants but not from

mouse primary thymocytes (Fig. 1). These resultsadso in line with the data obtained
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by flow cytometry. The apparent molecular weightaSDS-PAGE of the precipitated
proteins was the same regardless of the specgs orithe cell source.

Cell lines Thymocytes
rCD1d mCD1d1 LEW C57BL/6
Iso 58 35 233 kDa Iso 58 35 233 Kpga Iso 58 35 233 kDS Iso 58 35 233 kDa
= —100 —100 P - . §—100
_ g" -._ ---—40 .... ™ _ 40
40 = 40 =
— - -
B . ol -
—-15 15 —-15 -15
| —— —— g ——_ 10 —— _ 10

Figure 1. Immunoprecipitation of biotinylated surface proteins with 233, 35, 58 or isotype control

antibodies. Immunoprecipitated material was size separatecuretlucing conditions on a 15% SDS-
PAGE, blotted to a membrane and detected by additfostreptavidin-HRP. The two blots on the left
show precipitates from rat (r) CD1d or mouse (m) CDihnsductants. The blots on the right show

precipitates derived from thymocytes.

reducing non-reducing
2
a KDa 33 35 58 KDa 233 35 58
=
s
72—
36— 55—
36— H
b Transfectants c LEW
r m pa r- m  kba spl_thy pan  kpa
-55 - 55 -55
35 - 233 233| - a»
(15 min) 43 (1 min) .‘ —43
- -43
ERK2 | e [~ 43 ERK2 | ey gy [~ 43 ERK2 “. -43

Figure 2. Western blot analyses with 233, 35 and 58 mAbs. a Proteins derived from rat CD1d-
transduced P80 cells were separated by SDS-PAGHS and 10% polyacrylamide gels, for reducing and
non-reducing conditions, respectively, and blotteca membrane. Detection of CD1d was carried out
with decreasing concentrations of the antibodies multiscreen apparatus. The final concentraticesl
were: 17.28, 3.45 and 0.6@/ml for 233 mAb; 24.48, 4.89 and 0.948/ml for 35 mAb and 6, 1.2 and
0.240pg/ml for the mAb 54b Western blot analysis of proteins derived from €&1d (r) or mouse
CD1d1 (m) transduced cells. Proteins were sepa@teal 10% polyacrylamide gel under non-reducing
conditions and blotted to a membrane. CD1d wasctitewith the 233 or 35 mAbs. Film exposure
duration for the CD1d blots is indicated under tlanes of the mAb. After CD1d detection, the blots
were stripped and re-probed with a polyclonal &RK2 antibody as protein loading control (lower
blots). ¢ Western blot analysis of proteins derived from LEMSues: spleen (spl), thymus (thy) and
pancreas (pan). SDS-PAGE and blotting condition®whe same as in

Western blot analysis of protein extracts deriveaimf rat CD1d transductants after
SDS-PAGE run under reducing and non-reducing camditrevealed the loss of the
reactivity of the 58 mAb in immunoblots but the servation of 233 and 35 and
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mapped their bound epitopes to the heavy chainD#fdC A remarkable contrast to the
flow cytometry data was the better binding of 238brin comparison to 35 in both,
reducing and non-reducing conditions (Figa,d and data not shown). Moreover, and
also in contrast to the results observed by flotometry, in immunoblots both mAbs
bound mouse CD1d much less efficiently than rat €(Rig. 2b), since both, rat and
mouse CD1d transduced cell lines are expected poess very similar levels of cell
surface CD1d due to the nearly identical expressidhe reporter gene EGFP observed
by flow cytometry (Fig. 3).

The 233 mAb was also used to analyze rat CD1d atepr extracts derived from rat
thymus, spleen and pancreas. Pancreas was incindbd study because outstanding
levels of CD1d had been detected in immunohistoliganalyses carried out in
collaboration with Prof. Steiniger, Institute of @&omy and Cell Biology, Philipps-
University of Marburg, Marburg, (Fig. 12). As shownfigure 2c, CD1d was detected
in all three tissues, being the pancreas the ongédmthe highest levels of CD1d (Ratios
between CD1d and ERK2 signals obtained by densitinevaluation of the films
were: spleen, 0.8 ; thymus, 1.2 and pancreas, hiérestingly, CD1d isolated from
pancreatic lysates had a slightly higher mobilitySDS-PAGE than CD1d from thymus
or spleen protein extracts.

3.1.3 Epitope mapping

Cross-competiton experiments had demonstratedthiea233 and 35 mAbs recognize
non-overlaping epitopes on rat CD1d (rCD1d) and $#00D1d1 (mCD1d1). In order
to define more precisely the binding sites of thews&bs, firstly, Raji cells were also
transduced with mouse CD1d2 (mCD1d2) and CD1d1 fxum spretus (sCD1d) and
were tested for mAb reactivity by flow cytometryigére 3 a shows the high
conservation of the predicted amino acidic sequenck these different CD1d
molecules. The observed loss of 233 mAb binding@®1d and the massive reduction
in its reactivity to mCD1d2 (Fig. 8) facilitated the mapping of its epitope since only
three amino acidic residues were unique for sCDhénvwcompared to rCD1d and to
mCD21d1: alanine (A), isoleucine (I) and threonid@ &t positions 93, 118 and 162,
respectively. The residue at position 118 is lotatethe antigen-binding groove (side
chains are depicted in gray in Figc)3and is probably not accessible to the mAb 233 in
contrast to position 93 at the border of #iehelix and position 162 which lies in th&

helix on the top of the molecule (red and greerespty respectively, in Fig. §. To
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test whether any of these last two residues wasnssble for the lack of reactivity of
the 233 mADb against sCD1d, the aspartic acid atipo®93 and the methionine 162 of
mCD1d1 were exchanged by their sCD1d counterpatenine and threonine, and
named as: mCD1d1D93A and mCD1d1M162T (Fig. 3).dditeon, chimeras of mouse
and human CD1d were generated, expressed in Riégi aed analyzed by flow
cytometry (Fig. 3b). The generation of these cells lines, performgd Stefanie
Schweigle in the course of her diploma thesis aescdbed in our published work
(Monzon-Casanova et al., 2010), allowed the mappintipe aspartic acid at positions
92 and 93 of rat CD1d and mouse CD1d1, respectiasdypart of the 233 epitope,
because cells expressing mCD1d1D93A were not stdiyethis mAb. The arrow in
figure 3a points out the position where the regions of madBdd1 and human CD1d
were exchanged. The structure models shown indi@uitlustrate with green and gray
ribbon diagrams, which parts of thé ando2 domains of the chimeric CD1d molecules
correspond to one or the other species. These chsne®nfirmed the results obtained
with the mCD1d1 mutants and the 233 mAb and intamdirestricted thel domain
and the 23 following amino acids of th@ domain as crucial for formation of the 35
epitope, since the 35 mAb did not stain the h/mCEBEtidchera.
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a Signal peptide a1 domain

1 11 21 31 41 51 61 71 81
rCD1ld MLYLPCLLLWAFPQFWGQ SEVQQ NYTFRCLOISSFANRSWSRTDSVVWLGDLOTHRWSNDSDTISFTKPWSQGKFSNQOWEKLQHMFQVYRTSFTRDIKE IVKMMSPKE D
mCDldl .R...W......L.V... ..A..K........ Met ettt - P Lt Vool Q.L....ou....
mCD1d2 .R...W......L.V... ..... Keeessooo Teeosns Iieeeesns T BAicicevennnns Leceeesosososnane Voo, Q.L.........
€D1dl .R...W......L.V... ..... Kevewennn Mt ettt e e e et Lt Voo, Q.L........ a
hCD1d A..P.RLFPL.......... S..T...GLA...E....S....... VRSL T..D T I.R S V..FA..LRLS
m Voo 131 141 151 v 171 181
rCbDld YPIEVQLSAGCEMYPGNASESFLHVAFQGEYVVRFHGTSWQKVPEAPSWLDLPIKMLNADEGTRETVQILLNDTCPQFVRGLLEAGKPDLEKQ
mCD1d1
mCD1d2
CD1d1
hCD1d
a3 domain
191 201 211 221 231 241 251 261 271
rCDld EKPVAWLSRGPNPAHGHLQLVCHVSGFHPKPVWVMWMRGDQEQGGTHRGDILPNADETWYLQATLDVEAGDEAGLACRVKHSSLEGQDIILYWGGR
mCD1dl ........ SV.SS....R......... D P Q...... | P ) [ J DA.
mCD1d2 ........ SV.SS..eiiieennennn Yeereeoooooonnan Qicsees Eeeeonesonnnns Geesoaana DA
sCD1dL ........ SV.S8.ccoct0cncnase Yerceonnoaasnnas Quvennn Focsveeososesssancnss EBoecescosocnanns Geosoaane DA.
hCDld V..K....... S.GP.R.L........ Yeorooo KieoBoooQeeQPeuvoasnnccnas Recson V..EA...S.iiiiiennnnnn Vieeos S
mCD1d1 mCD1d1
b rCD1d mCD1d1 mCD1d2 sCD1d1 hCD1d m/hCD1d  h/mCD1d
D93A M162T
y |
A |
233 ' : 4 | f |
| ’ & 1
| i . | - | -
|
1 ” /
# |
P | w—
|
A .
& AVay 4
B - sl g || F
T
A |
|
no Ab

Figure 3. Epitope mapping of anti-CD1d mAbs. a Alignment of amino acid sequences of the
extracellular domains of the CD1d molecules usetthis study.a-helical regions are illustrated in bold.
The open triangle points out the localization of @D1d allelism. Mutations in mouse CD1d1 are
highlighted with closed triangles. The arrow indé&sa where mouse/human chimeras were joined.
Numbers show rat CD1d amino acid positions. Acceseigmbers for the amino acid sequences can be
found in GenBank: rCD1dRattus norvegicus CD1d), BAA82323; mCD1d1Mus musculus CD1d1),
NP_031665; sCD1d1IMus spretus CD1d1), ACM45455; hCD1d1Homo sapiens CD1d), NP_001757.
The mCD1d2 KMus musculus CD1d2) amino acidic sequence differs in one amind at the signal
peptide (tryptophan, position -13) from the seqaepublished under the accession number: P11610.
Binding capacity of mAbs to different CD1d moleculBsyji cells were transduced with CD1d molecules
using a retroviral expression system. BicistroniddBGn the CD1d expression vectors served as reporter
gene. Cells were stained with unconjugated 233 an8bs followed by PE-labeled donkey anti-mouse
IgG or PE-labeled 1B1 mAb and were analyzed by flow mgtyy. All primary antibodies were used at a
final concentration of 250 ng/mt. Localization of relevant amino acids in the CD&diary structure.
The model depicts part of the co-crystal of the PB§®colipid and mouse CD1d (PDB: 3GMP) and it
was visualized using PDB Swiss Viewer Deep View v4(Guex and Peitsch, 1997)
(http://www.expasy.org/spdbv/). Thel anda2 domains are shown. Gray and green ribbon diagrams
highlight the regions constituting the N- and Qstaval parts, respectively, of the chimeric molesule
Discussed amino acids are depicted as spherestiagmd (D) 93 in red, methionine (M) 162 in gnee
valine (V) 118 in gray and arginine (R) 21 in blue.
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3.14CDI1d ELISA

The lack of competition between mAbs 233 and 35ngéxd the establishment of a
CD1d Sandwich ELISA, which allows the detectiorGid1d in fluid samples as cell or
tissue protein extracts, serum or recombinant CBibdecules purified or in culture
supernatants. Standardization of the ELISA wadedhout with soluble rgt2m-CD1d-
biotag recombinant proteins purified as described in #sults section 3.4.1.3 (Fig. 4
a). The detection levels reached 0.5 to 1 ng of Cpddml. The rap2m-CD1d-biotag
recombinant protein was used to determine the atacafirat CD1d contained in the
cell-lysate from P80 cells transduced with rat CDdthich was then further used as
standard in all CD1d Sandwich ELISAs (Figa} Figure 4b shows the amounts of
CD21d detected in protein extracts derived from thgnspleen and pancreas of LEW
rats. In line with immunohistochemistry and Westbtat analyses, CD1d levels are
increased in pancreas compared to spleen, wherd#s thws technique no big
differences were observed between thymus and pascide presence of CD1d in the
serum derived from various rat strains was alsoes$ed by ELISA. Analysis of single
samples from the following inbred rat strains ledtlie subsequent results: F344: 2.5
+0.18, BN: 10.01 +0.46, DA: 7.3 £0.56, LEW: 3.6 3Gnd PVG 14.5 +8.3 ng/ml £SD
for duplicate samples.

Similar to Western blot analyses, the reactivitytioé 233 and 35 mAbs in ELISA
against mouse CD1d1 was lower than for rat CD1d. (b and 4c). The signal given
by mouse CD1d-IgG dimers was 2 to 3 fold lower tretrCD1d-IgG dimers.
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Figure 4. CD1d ELISA. a Standarization of rat CD1ld-transduced P80 cell te/saith soluble
recombinant rap2m-CD1d-biotag purified protein. Shown are the gtitensity values obtained in 1:2
dilutions of the analyzed samples. Shown is themvedue of duplicated sampldsCD1d quantification

in LEW protein extracts derived from thymus (thspJeen (spl) and pancreas (pan). Shown are the mean
values obtained from three rats independently aedly+SD.c Optical density (OD) obtained after
analysis of the same amounts of rat CD1d-IgG or mdti®1d-1gG dimers (X axis). The mean value
obtained for duplicated samples £SD is shown.

3.2 Analysisof CD1d expression using mAbs 233 and 35

Up to date, a detailed analysis of CD1d proteirresgion in the rat has been hampered
by the lack of suitable mAbs. The widely used aochmercially available mouse CD1d
specific mAb, 1B1, does not recognize rat CD1duffeg 3) and although in two
additional publications mAbs originally generataghimst mouse CD1d were reported
to cross-react with rat CD1d, the investigatiorraif CD1d in these studies was rather
limited. In the first case, the rat IgMs 1H1 andl3GBleicher et al., 1990) were shown
to bind a CD1d-like molecule, which was detectedainliver but not in thymus (Burke
et al., 1994) and in the second case, reactivith@fmAb 3H3 with rat thymocytes and
splenocytes was reported but not further investdjgMandal et al., 1998). Therefore,
the following data obtained with 233 and 35 mAbsvite the first detailed analysis on
CD1d expression in the rat and the unique posssilili direct comparison of rat and

mouse.
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3.2.1CD1d in different inbred rat strains

3.2.1.1 I dentification of tworat CD1d alleles

Two allelic variants of rat CD1d protein coding gsegce have been reported and
defined by an alanine to valine substitution atitpms 101 of the mature polypeptide
sequence, which is located in the antigen bindirapee. The alanine 101 allele was
reported for F344BN and five other rat straing/hereas the valine should be present in
LEW, Wistar, TO, WKAH and W (Katabami et al., 1998his reported allelism could
be of special significance since position 101 salzed in the antigen binding groove
and consequently could influence the orientation-Gfal and/or other lipids contained
in this pocket. Therefore, we analyzed the sequeroeoding CD1d in the inbred rat
strains tested here forGal responsiveness (and of five additional strdBidF, BH,
AGUS, AUG and WF) by amplifying genomic DNA by PC&d subsequent
sequencing of the region covering the exons onenree. Furthermore, the complete
coding region of CD1d was cloned from splenocyt®dA& derived from BN, LEW,
PVG and DA. CD1d cDNA from F344 rats had previous&en cloned by E. Pyz (Pyz
et al., 2006). These analyses confirmed the seguehE344 inbred rats published by
Katabami et al. (Katabami et al., 1998), but theppsed valine substitution could
neither be confirmed in LEW nor was it found in aother strain tested by us. In
contrast, we found a single nucleotide substitutiothe signal peptide replacing the
phenylalanine at position -4 of the F344 alleleabyaline (Fig. 5). The CD1d sequences
obtained (except for F344 rats) were identicaht® BN-derived rat genomic sequence.
Interestingly, the valine at position -4 is alse@@eed in both mouse CD1d genes (Fig. 3
a).

F344 atgctgtacctaccgtgcctgttgcetgtgggeattcccacagttctggggacaa
ML YL P CLULULWAFUZPIQFWGDAQ

LEW atgctgtacctaccgtgcctgttgctgtgggcattcccacaggtctggggacaa
ML YL P CLULULWATFUZPOQV WG Q

Figure 5. Nucleotide and amino acid sequences of the two rat CD1d alleles identified in this
study. Since the only difference among the complete CDHingpsequence was found in the signal
peptide, only this part is shown. The substitutiesulting in the phenylalanine to valine change is
highlighted in bold. The F344 allele was only fouindF344 inbred rats, whereas the LEW allele,
apart from LEW inbred rats was also found in BNWHEPVG, DA, BUF, BH, AGUS, AUG and WF
inbredrats
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3.2.1.2 Analysis of CD1d expression among different rat strains

In order to investigate whether the phenylalanmerdline substitution in the signal
peptide affected CD1d surface expression; thymgacytplenocytes, intrahepatic
lymphocytes and PBMCs from the five inbred rat isgatested for a-Gal
responsiveness in this study (F344, BN, DA, LEW BM(, results section 3.7.1) were
stained with the 233 mAb and analyzed by flow cytm (Fig. 6). Thymocytes,
splenocytes and PBMCs showed no strain-specifiteréifices in CD1d expression.
Based on FCS/SCC characteristics the negative/lgpulption, which appears in DA
PBMCs, are contaminating erythrocytes. Only amdlgsl some differences could be
observed: In DA and PVG inbred rat strains theeemaore cells expressing high CD1d
levels. CD1d expression by different cell typesha thymus and spleen is described in

more detail in the following section of the results

Thymocytes Splenocytes IHLs

% of Max
@
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% of Max
3

% of Max

o 7 . .
1 10" 102 10° 10t 10 10" 102 10 10 10® 10" 102 10® 10t
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Figure 6. CD1d cell surface expression in different inbred rat strains. CD1d cell surface
expression was analyzed by flow cytometry usinghileginylated 233 mAb visualized with SA-
APCy in various primary cells: thymocytes, splenesytintrahepatic lymphocytes (IHLs) and
peripheral blood mononuclear cells (PBMCs) deriveamfrPVG, BN, DA, LEW and F344
inbred rat strains. One experiment is shown foheammpartment and each strain except for
LEW thymocytes, where two independent experimergshown: light and dark gree

3.2.1.3 CD1d expression in hematopoietic cells: Direct comparison between rat and
mouse

The 233 and 35 mAbs allowed us to directly compaild surface expression on
mouse and rat hematopoietic cells by immuno fllsoeace flow cytometry. The results
obtained with the two mAbs were nearly the sameretiore, only stainings performed
with the 35 mAb are shown. In the analysis, LEW ratd C57BL/6 mice were used.
The staining intensity was very similar for bothesjgs and between thymocytes and
most splenocytes (Fig. 7). The only striking difflece was the higher proportion of
CD21d high cells in rat, which, as shown later, baraccounted to MZ B cells (Roark et

al., 1998). This is consistent with the very braadrginal zone and large number of
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these cells found in rats (Kroese et al., 1990; Kraratne et al., 1981; Steiniger et al.,
2006).

Co-staining of CD1d and TCR in thymocytes revedlet in rats, as in mice (Park et
al., 1998), TCR low cells, which are double positthhymocytes, express higher levels

of CD1d than TCR high cells, which are single pesithymocytes (Fig. 8).

100
4
Thymocytes g 60
LEW * 40 Figure 7. Comparison of CD1d expression by rat and

mouse primary cells. Representative data from one out
of three experiments are shown. Staining total
03 ¢ thymocytes or splenocytes with biotinylated 35smtype
100] \ control antibodies and SA-PE. Gray and black lines
\ correspond to C57BL/6 and LEW cells, respectively.
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SplenocLyllzt\clavs 5 o ,{ \ Filled histograms are control stainings.
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CD1d
C57BL/6 LEW Figure 8. Comparison of CD1d expression by rat and

mouse thymocytes. Representative data from one out of
three experiments are shown. Co-expression of CD#ld an

- ]
0 I 1 TCR on thymocytes was analyzed by two-color flow
! | |49.9 ymocy yzed by
,L_) IR 69.7 | L;J cytometry. CD1d was stained using the unconjugated 3
- §85 61 ’ 76.3 mAb and PE-labeled donkey anti-mouse IgG. For stgin
| - | . of mouse and rat TCRs, H57-597-APCy and R73-bio + SA-

L | ] - APCy were used, respectively. Numbers indicate the
T 3 geometric mean fluorescence intensity of CD1d exsiwes
CD1d in the gated populations.

CD1d expression by mouse T and B cells of the spke®d lymph nodes has been
extensively studied (Brossay et al., 1997; Makowskal., 1999; Park et al., 1998;

Roark et al., 1998). CD1d surface expression wasddo be lower on T cells than on
B cells and among T cells, was higher on CD4 Tscilan on CD8 T cells. Using the
35 and 233 antibodies we reproduced the findingailodd in mice, and observed that
rat B cells also express higher CD1d levels thaels (Fig. 9). Nonetheless, in rats the
pattern of CD1d distribution among T cell subpogialss is different than in mice. Rat

CD1d levels on CD4 T cells are not higher than ¢hos CD8 T cells, as it was

demonstrated by different staining and gating stias (Fig. 10).
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Figure 9. CD1d expression by B and T cells analyzed by multicolor flow cytometry. T and B cells
were identified using antibodies visualized with @GP in order to avoid unspecific signal due to
fluorescence spectral overlap in the PE channeichwhvas used for CD1d expression detection.
Therefore, CD1d was analyzed on separate multietperiments with same CD1d staining intensity
(Number 2 histograms: gray and black lines corredgo B and T cell stainings, respectively). Number
dot plots show gates on total splenocytes whichevierther analyzed. For CD1d detection in C57BL/6
mice, biotinylated 35 mAb followed by SA-PE was diskn rats, CD1d was detected with unconjugated
35 mAb followed by PE-labeled donkey anti-mouse kggondary antibody. Number 4 dot plots indicate
co-expression of CD1d and T or B cell markers. Nunthdot plots represent isotype control stainings
for anti-CD1d mAbs. Gray and black dot plots cormgpto B and T cell stainings, respectively. In
mouse, B cells were stained with anti-CD19 (1D3-AP@Wb and T cells with anti-TCRchain mAb
(H57-597-APCy). In rat, B cells were defined as CD45®X-33-biotin + SA-APCy) positive cells and
for the identification of T cells, anti-TgRchain (R73-biotin + SA-APCy) antibody was used. Boxe
indicate gated cells shown in number 5 histograms$ mumbers inside the plots correspond to the
percentage of gated cellBata shown is one representative experiment othireé.
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Figure 10. Relative CD1d expression by CD4 and CD8 positive T cells analyzed by multicolor flow
cytometry. Dot plots on the left show the gated splenocyteshvivere studied. CD4 and CD8 positive T
cell gating strategies are illustrated with theddsams and dot plots of the columns in the middigo
different antibody combinations were used to stdtW cells: one with biotinylated 35 visualized with
SA-PE (upper row) and other with unconjugated 35bnu&tected with PE-labeled donkey anti-mouse
19G (DaM-PE, lower row). Numbers in the plots indicateqeertages of gated cells. The antibodies used
for each staining appear in the axes of the figufkorescence 2 geometric MFI of CD4- and CD8-gated
T cells in stainings where instead of the anti-Cidb, an isotype control Ab was used were: in the
staining of C57BL/6 cells, 5.98 and 4.58 in CD4- and3cfated cells, respectively; in the upper LEW
staining: 10.2 and 10.6 for CD4 and CD8 T cellspeesively, and in the lower rat staining: 5.32 for
CD4, and 5.09 for CD8 positive T cells. In the histrgs on the right, gray and black lines corresgond
CD4 and CD8 positive T cells respectively. Filledddgams are control stainings.

In the mouse, in addition to MZ B cells also amtiggesenting cells show very high
CD1d levels (Roark et al., 1998). Analysis of mol B cells (CD21high/CD23low)
with the mAbs reported here confirmed their highl@d@xpression levels (Fig. 11). Rat
MZ B cells defined either by combinations of the®l marker CD45RA (OX-33) and
the MZ B marker HIS57 or by gating on IgM high/Igdw cells (Fig. 11) (Kroese et
al., 1990) are CD1d high as well.

CD1d expression on rat dendritic cells (OX36and macrophages (CD11b/evas also
analyzed and compared to that of MZ B cells, idistias HIS57 in this case. The
stainings of figures 1b andc show that, similar to what has been reported fouse
antigen presenting cells, CD1d levels on rat deiedrells and macrophages are as high
as those of MZ B cells.

Last, we also analyzed CD1d expression on natultal kells from the spleen which
were defined as NK1.1 or NKR-P1 positive TCR negatcells in mice and rats,
respectively. In C57BL/6 mice, NK1.1 positive cekxpress lower CD1d levels
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compared to the rest of splenocytes, whereas $nNKHR-P1 positive cells and T cells

express CD1d at similar levels (data not shown).

A C57BL/6 LEW

CD23 CD45RA

CD21

MZ B cells

Total
lymphoccytes

CD1d CD4

oo}
O

CD11b/c

v

CD‘IJ CD1d; CD4
Figure 11. CD1d and CD4 expression by MZ B cells, dendritic cells and macrophages from the
spleen. One representative experiment out of three isvehdot plots illustrate the followed gating
strategies and numbers in them indicate the peagenyf gated cells. Histograms show CD1d and CD4
expression levels. (A) MZ B cells analysis. In C57BloMce, CD1d was stained with biotinylated 35
mAb + SA-Cy5-PE and CD4 with RM4-APCy. In LEW, CD1d wietected with unconjugated 35 mAb
followed by PE-labeled secondary antibody and Chth @X-35 labeled with PE-Cy5 unless otherwise
indicated. Upper rovhistograms show gated MZ B cells, whereas, lower histograms show total
lymphocytes. MZ B cells in C57BL/6 mice were identifiey gating on CD21 hi (7G6-FITC) and CD23
low/negative (B3B4-PE) cells. In LEW rats, MZ B cellgere stained with two different marker
combinations: CD45RA (OX-33-FITC) / HIS57-biotin + S¥R2Cy and IgM (G53-238-FITC)/IgD
(MARD-3-biotin + SA-APCy), respectively. Analysis 6D1d and CD4 in MZ B cells defined as HIS57-
and CD45RA positive cells was carried out with omegls multicolor experiment. Expression of CD1d
and CD4 in MZ B cells defined as IgD-low and IgM-higells was determined in separated multicolor
experiments as both, the anti-CD1d and the anti-CBdsnwere visualized with the PE fluorochrome
(CD1d: 35 mAb + PE-secondary Ab, CD4: OX-35-PE). (B)1dand CD4 expression by LEW dendritic
cells (OX-62 detected with anti-mouse IgG PE seaon@ntibody) and MZ B cells (HIS57-biotin and
SA-APCy). CD1d was detected with 35-FITC mAb and CO#hwwX-35-PE-Cy5. (C) CD1d and CD4
expression by LEW macrophages — defined as CD11t#ts (OX-42-PE) — and MZ B cells (HIS57-
biotin + SA-APCy). CD1d was stained with unconjugad&dmAb followed by FITC-labeled anti-mouse
IgG Ab. For CD4 detection, OX-35-PE-Cy5 antibody waed.
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3.2.1.4 CD4 expression by rat MZ B cells

Surprisingly, while analyses of CD1d among différerll populations in the spleen
were carried out, it was observed that MZ B alsoressed CD4 and nearly half of them
as much as other splenocytes (e.g. CD4 T cellg). (El). These findings were
confirmed with a different anti-CD4 mAb (OX-38) amad another inbred rat strain
(F344) (data not shown). The multicolor staining$4@ B cells and antigen presenting
cells also demonstrate that the expression of QprabMZ B cells was not the result
of some CD4 positive macrophages or dendritic deltéuded in the gate of MZ B
cells. Moreover, immunohistochemical analysis eafrout in the laboratory of Prof.
Steiniger, Institute of Anatomy and Cell Biologyhilpps-University of Marburg,
Marburg, with another anti-CD4 mAb (W3/24) also wled that CD4 expression in the
white pulp was not only restricted to the T cebaand to some dendritic cells but also

to the marginal zone of the spleen (data not shown)

3.2.1.5CD1d expression in rat and mouse non-lymphatic organs

In collaboration with Prof. Steiniger, Institute Ahatomy and Cell Biology, Philipps-
University of Marburg, MarburgzD1d was analyzed outside the hematopoietic system
by immunohistochemistry. Figure 12 shows stainnwgh the 233 mAb of LEW heatrt,
liver, pancreas and small intestine.

In rat liver, all hepatocytes are stained and thedctivity increases in direction to the
central vein of the lobule (Fig. 18). Sinusoidal endothelia express higher CD1d levels
than hepatocytes and the most strongly stained oely correspond to Kupffer cells or
stellate cells scattered among the hepatocytes.eMeny these cells are difficult to
diagnose due to the strong staining of the sinas@ddothelia. In the heart (Fig. b,

233 stains the interior and surface of cardiomyeewnd the intercalated discs are also
clearly visible. Capillary endothelia between theistie cells and, in addition, the
endocardium are also CD1d positive.

When CD1d expression was addressed in the rat jléuwendistribution pattern turned
out to be as diverse as the cellular componentisi®brgan (Fig. 12). Enterocytes are
clearly detected by the 233 mAb with crypt cellairihg more strongly than cells
covering the villi. Enteroendocrine cells are mpsbbably also positive, but this is
difficult to distinguish. Remarkably, Paneth celisthe base of the crypts show very
strong staining intensity. Beneath the epitheliurangn different cells lodge in the

lamina propria, such as lymphocytes, myeloid cafapoth muscle cells, fibroblasts
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and endothelial cells forming capillaries and lyaph vessels. A large number of these
cells are also positive. Smooth muscle cells fognihe gut wall are almost CD1d
negative, but there are some elongated CD1d pesiills in the lamina muscularis
mucosae and in the circular layer of the tunica culasis, some of which may be
endothelia.

Staining of the rat pancreas (Fig. f2with 233 and 35 revealed massive CD1d
expression in the apical granules of exocrine accwlls, being detected even at
extremely high dilution (1:100.000). Interacinarpitiary endothelial cells and/or
intercalated duct epithelia also express CD1d. &pihelium in larger interlobular
ducts and the endothelium in arteries and veinsCidéd positive as well. mAb 35
tends to produce a somewhat reduced staining ogaictithese cells compared to mAb
233 (data not shown). Interestingly, in many istdtkangerhans central endocrine cells
stain with variable intensity, while the periphéragituated glucagon-containing islet
cells appear almost non-reactive. Whether nenardilare CD1d positive is difficult to
recognize, because endothelia and certain coneetisgue cells surrounding larger
vessels react with mAb 233. The strong CD1d expasi the rat pancreas was
verified by ELISA and Western Blot analyses (figuix and 4b).

Because reactivity of the 233 and 35 mAbs agairmisa CD1d in histochemistry is
not as high as against rat CD1d, immunohistologynofise ileum and pancreas was
performed using the more sensitive tyramide angatifon procedure including organs
from CD1d™ mice as negative controls (Fig. @2e, g andh and data not shown for 35
mAD). This analysis revealed a considerable spepesific difference of CD1d
expression intensity and, at least with respethégpancreas, also of expression pattern
among mouse and rat. In mouse ileum the expres$iGD1d is reduced in comparison
to rats. The reduction is especially evident inepahymal cells such as epithelia. It is
less pronounced in the lamina propria and in thesahkeulayers, where the staining
pattern corresponds to that of rats (Fig.ci®). Even with the tyramide amplification
technique, enterocytes of the ileum do not readh veiny of the antibodies. A
subpopulation of Paneth cell apical granules isyewer, reliably visualized in the small
intestine. It is not clear whether the apical ceimbrane of Paneth cells is also slightly
stained. In addition, enteroendocrine cells ingp#helial layer of the ileum are CD1d
positive. These cells are especially numerouserctgpts. In contrast to rats, in mouse
pancreas the highest CD1d levels are found in fhighedium of larger ducts and in

interacinar capillary endothelia, while the exoergranules of acinar cells appear very
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Figure 12. CDld dlstr|but|on in non- Iymphatlctlssues Expenments performed by Prof Stelnlnger
Phillipps-University of Marburg. ABC technique witmeonjugated mAb 233 was applied unless
otherwise statedaj LEW liver. Bar = 250 um.k) LEW heart. Hemalum counterstain was included.
Bar = 250 um. ¢ LEW ileum. The epithelium at the tips of the willeft rim of picture) is not
preserved. Analysis was carried out with biotingthP33 and hemalum counterstain. Bar = 100 pum.
(d) C57BL/6 ileum. Arrows indicate CD1d positive enterdecrine cells in the epithelium. Biotin-
conjugated primary antibody, tyramide-amplified AB€hnique and hemalum counterstain were
used. Bar = 50 um.ef C57BL/6 CD1d-/- ileum. Biotin-conjugated primary tinody, tyramide-
amplified ABC technique and hemalum counterstain vegnglied. Bar = 50 umf)(LEW pancreas.
Biotinylated 233 was used. Bar = 50 pm). C57BL/6 pancreas. Biotin-conjugated primary antibody
and tyramide-amplified ABC technique were used. Hematounterstain was included as well. Bar =
50 um. f) C57BL/6 CD1d-/- pancreas. Biotin-conjugated primanyiteody and tyramide-amplified
ABC technique were applied and hemalum countersteas also carried out. Bar = 50 pm.
Abbreviations used: c, crypts; Ip, lamina proprig, smooth muscle cells of the gut wall; i, islet of
Langerhans and d, interlobular duct.

faintly stained and are only prominent in few sengtells in spite of tyramide
amplification (Fig. 12f-h). Whether epithelial cells of the intercalated tduare also
positive cannot be clearly distinguished. Moreowandocrine islet cells appear only
very faintly stained and the endothelium in arterand veins does not react at all,
although vessel-associated nerve fibers appeatiygsWith the exception of some
epithelial cells in larger ducts, mAb 35 is neadgreactive with the pancreas. To
address the question whether in contrast to C57BhiGe, CD1d expression in the
pancreas of other strains is comparable to thagrebd in rats due to the expression of
CD1d2, we also studied BALB/c and CBA/N mice withtho mAbs and found that this
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IS not the case because very similar results wétaireed for the pancreas of all

analyzed mouse strains (data not shown).

3.3 Analysis of CD1d-restricted immune response with the 233 and 35
mADbs

Upon stimulation with the potent antigenGal, iINKT cells secrete Thl and Th2
cytokines very rapidly being the only lymphocytessdribed to date that can secrete
large amounts of IL-4 within few hours after primantigen contact. CD1d restriction
of a-Gal responsiveness has been extensively demattiat the use of CD1d-
deficient mice and the use of monoclonal antibaditssvever in the rat, although an
Gal response of intrahepatic lymphocytes and splgre has been previously been
shown by E. Pyz et al. (Pyz et al., 2006), direshdnstration of the role of CD1d as an
antigen presenting molecule had not been shown Tyeis, in order to investigate
whether the 233 and 35 mAbs interfere with the gmestion ofa-Gal by CD1d to
primary iNKT cells, C57BL/6 and F344 splenocytesraveultured witha-Gal in the
presence or absence of the anti-CD1d mAbs. Afteh@4rs of culture, supernatants
were harvested and IL-4 and IRNamounts were measured by ELISA. As controls,
cells were also incubated wifiGal, ConA or culture medium only. As it is shown i
figure 13, regardless of the species origin, aodibf the antibodies blocked cytokine
release. A toxic or unspecific effect of the antiles could be ruled out as they did not
inhibit cytokine production after ConA stimulatiamd the isotype control did not affect

a-Gal-dependent cytokine release (figure 13).

mouse rat

Figure 13. Effects of mAbs 233
. and 35 on CD1d antigen
Iso  presentation to iINKT cells. IL-4
o1y and IFNy production was analyzed
by measuring cytokine release into
the culture supernatant by ELISA
00 edia a-Gal p-Gal Con A after 24 hours. 10splenocytes per

0 w7

media a-Gal B-Gal Con A

ml from C57BL/6 mice or F344 rats
35000 PETS s el were cultured with various stimuli:
100 or ConA (3pg/ml) or media alone,

50 in the presence or absence of 233,
medi o-Gal B—I ConA (with a final saturating

concentration of 3,6ug/ml). Bars

15000 150
a-Gal (10 ng/ml),p-Gal (10 ng/ml)
NE Il 1T 35 or isotype control antibodies
show mean values + SD of cytokine concentratiorntaionéd in three independent experiments.
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3.4 Rat iINKT cdll identification

TCRs bind to peptides loaded on MHC molecules oglyeolypids loaded on CD1d
with rather low affinity, resulting in complexes wh have a very fast on-off
dissociation rate (Matsui et al., 1994). For theason it is not possible to visualize
antigen-specific T cells with soluble monomeric fig-MHC complexes, but they can
be stained and analyzed by flow cytometry usingtimekized complexes which have a
much higher avidity for the TCR (Altman et al., 899In the same way, iINKT cells can
also be identified witlu-Gal-loaded CD1d oligomers. As mentioned in theodaiction,
this enables to distinguish these cells from oftheerlls expressing NK receptors and
from other CD1d-restricted T cells, which do noab#the semi-invariant TCR reactive
to a-Gal (Godfrey et al., 2004).

Cross-species recognition @fGal presented by CD1d has been described (Benkigha
al., 2000; Karadimitris et al., 2001; Matsuda et 2000; Schumann et al., 2003). An
example of this cross-reactivity are mice and husndihe human semi-invariant TCRs
recognizea-Gal presented by mouse CD1d and vice versa, mousdls with semi-
invariant TCRs recognize-Gal presented by human CD1d. Nonetheless, detate
INKT cells can be stained with CD1d oligomers fridme other species, the affinity with
which the semi-invariant TCR of one species recogmiCD1d from the other species is
lower than when both molecules are from the saneeigp (Schumann et al., 2003).
Moreover, this cross-species reactivity is not arsally conserved, being lost or
impaired between closer species than mouse andrhudrge example is the loss of
reactivity of human semi-invariant TCR againsiGal-loaded tree shrewT(paia
belangeri) CD1d (Zhang et al., 2009). Another example ig tfamouse and rat. As it
was described by E. Pyz et al. in our laboratotyemgas the mouse semi-invariant TCR
recognizesi-Gal-loaded rat CD1d almost to the same extent eognizes mouse
Gal presented by the syngenic CD1d, the rat sewairiant TCR response to-Gal
presented by mouse CD1d is severely impaired (Pgk,£2006). Furthermore, staining
of rat IHLs with mouseo-Gal-loaded CD1d tetramers did not lead to the rclea
identification of a tetramer positive cell poputatj despite the reactivity of rat primary
cells toa-Gal. Based on this data, the most simple explandtr the impossibility to
reliably detect rat INKT cells using-Gal mouse CD1d tetramers is a poor binding of
semi-invariant rat TCR ta-Gal/mouse CD1d complexes although it still miglet b
possible that the numbers of iINKT cells in theaw below the detection limit of flow

cytometry. To address these questions, rat CDXgbwiers were produced. Different
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strategies were followed, since each of them hasrdgdges or disadvantages over the
others (Fig. 14). First, divalent oligomers wereodqarced with CD1d-IgG fusion
proteins. Second, to avoid the difficulties whicancresult from using mouse 1gG1
comprising molecules to stain primary cells frontsrand mice, dimers were also
produced with CD1d human IgG Fc fusion proteins thirdl, three different approaches
were taken to produce tetramers, in order to géme@raeagent with higher avidity than
that of dimers. In two of the three strategiesediy targeted biotinylation of the
soluble CD1d molecules was required for tetramédnaln the other one, a strep-tag
which can be directly bound without biotinylatiom & modified streptavidin (Strep-

Tactin) was used.

a rat CD1d + biotag
mouse or rat rat 2m-CD1d-hFc rat B2m-CD1d- rat 2m-CD1d-
CD1d-IgG dimers dimers rat CD1d-biotag biotag streptag

(82 cells) (293T cells)

CD1d
CD1d
mouse human
1gG1

specific biotinylation .
peptide sequence I streptactin
(bio-tag)

e
-

Figure 14. CD1d recombinant proteins. a lllustration of the different produced CD1d reconduit
proteins. b Purified CD1d recombinant proteins analyzed by SI¥&E (15%) under reducing
conditions. Proteins were stained with Coomassie BAB0. Different amounts of each recombinant
protein were loaded. Protein concentrations welautzed after photometric analysis as describettién
methods section 2.2.3.7. 1: mouse CD1d-1gG dimergf22: rat CD1d-1gG dimers (g2g); 3: ratp2m-
CD1d-hFc dimers (4g); 4: biotinylated mouse CD1d, kindly provided by. Bchiemann (2.g); 5:
biotinylated rat CD1d-biotag produced in S2 cell$ (@y); 6: ratp2m-CD1d-biotag produced in 293T
cells (10ug) and 7: raB2m-CD1d-streptag (1Qlg). Commercially purchased mouse 1gG2bu@ was
loaded as control. The real amount of CD1d reconmbipeotein in lanes 6 and 7 is about 5 times less
than the calculated one after photometric analysBurified CD1d recombinant proteins analyzed by
SDS-PAGE (10%) under non-reducing conditions. Lareghe same as m The used molecular weight
marker was peqGOLD Protein Marker (Peglab).
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3.4.1 Production of CD1d oligomers

3.4.1.1 Mouse and rat CD1d-1gG dimers

Dimer production of MHC-I, -Il, as well as mousedanuman CD1d molecules using
IgG antibodies as platform for the creation of tkwv& molecules has previously been
described (Dal Porto et al., 1993; Greten et &98] Hamad et al., 1998; Lebowitz et
al., 1999; Schumann et al., 2003). In order to pcedmouse and rat CD1d dimers in
this way, fusion proteins containing th&-a3 domains of CD1d and the mouse 1gG1
heavy chain were created as previously describezddmyng rat or mouse CD1d cDNAs
into the pXlg vector and expressing the recombinanteins into the J558L murine
plasmocytoma cell line (Dal Porto et al., 1993;8uohnn et al., 2003). The J588L cells
producing rat CD1d-lgG dimers were additionally nsduced with rat2-
microglobulin. In the figure 14, the different suiits which form the mouse or rat
CD1d-lgG recombinant proteins can be appreciateénwainalyzed under reducing
conditions: the CD1d-lgG1 heavy fusion protein bbat 100 kDa, th& light chain of
27 kDa and th@2-microglobulin at approximately 12 kDa.

E. Pyz and I. Muller generated the plasmids engpdi®d1d-IgG1 fusion proteins and
did the first transfections into J558L cells. Clogniof rat2-microglobulin into the

retroviral expression vector pczCFG5 1Z was caraatlby P. Neuhdofer.

3.4.1.2 Rat p2m-CD1d-hFc dimers

Rat CD1d extracellular domainsl-a3) were fused to the human IgG1l Fc region
encoded in the pFUSE-hlgG1-Fc2 vector. As previpuiscribed for human CD1d
molecules (Li et al., 2008), the N-terminus of thile domain of CD1d of this fusion
molecule was then connected to f&m by a glycine-serine linker. This assures
constant binding of rat CD1d to f32-microglobulin and not tg2-microglobulin of the
dimer producing human 293T cells or of the fetdf serum present in the culture
medium. The final fusion construct was abbreviatest 2m-CD1d-hFc. The
recombinant dimer should be formed by two identic B2-microglobulin CD1d
human IgG1 Fc fusion heavy chains with a molecwiight about 90-95 kDa. Western
blot analysis using the biotinylated 233 mAb dentkaied that among all the bands
which appeared in the purified extracts, the bamshing at approximately 95 kDa
under reducing conditions was the p&m-CD1d-hFc fusion protein (Fig. 14, and data
not shown for the Western blot). Most likely, thenlds observed at 55 and 25 kDa are
heavy and light Ig chains since they were also aiete by the HRP-conjugated
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secondary polyclonal anti-mouse Ig antibody usetthéenWestern blot (data not shown).
These Ig chains are probably traces comprisedansérum containing media, which
remained in the cultures after having exchangéy serum free media and which also

bound to the protein G.

3.4.1.3 Rat CD1d constructsfor streptavidin based multimerization

Two different approaches were taken in order todpce rat CD1d monomers
containing a specific peptide sequence (bio-tagdgrized by the enzyme BirA, which
adds one single biotin molecule to the lysine doethin such amino acidic sequence
(Schatz, 1993). The first approach was originakésigned for production of mouse
CD1d in the Drosophila derived cell line SC2 (Bgla et al., 2000and it was carried
out in collaboration with M. Schiemann and D. Busdnstitute of Medical
Microbiology, Dept. of Medicine, Technical UnivesssiMunich. The second approach
was conceived to produce rat CD1d in the mammalinel293T.

Production of rat CD1d fused to bio- and polyhistdtags in insect cells was
performed as described in Materials and Methodstt{btis section 2.2.3.3). Soluble
biotinylated mouse CD1d was loaded onto the gedaawrol (line 4). The lane of the
mouse CD1d comprises three clear bands: Two prormio@nds appear at 38 and 12
kDa and are likely mouse CD1d ap&microglobulin, respectively. Another band with
a more reduced intensity appears at 33 kDa andblzaply the BirA enzyme used for
biotinylation, since that is exactly its moleculaeight (Schatz, 1993). In contrast, in
the lane where rat CD1d (line 5) was loaded, nongrent bands appear at 38 or at 12
kDa, but one at 33 kDa.

For production of rat CD1d in the mammal cell liB@3T (second strategy) rée-
microglobulin was attached to CD1d by a glycinearselinker, as described above for
the human Fc dimers, resulting in a fusion profermed by raf32-microglobulin, rat
CD1d extracellular domains, bio- and polyhistidiags. In figure 14 andc it can be
appreciated as this fusion protein is highly glydated in the 293T cells, appearing as a
broad band of approximately 60 kDa under reducogd@ions and of about 50-55 kDa
under non-reducing conditions. Unfortunately, spediiotinylation of rat CD1d tested
as described in the methods section 2.2.3.9 wasfhaient.

These recombinant proteins were not further usguidduce rat CD1d oligomers due to

the reported inconveniences: Not enough proteinuaatscand inefficient biotinylation.
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3.4.1.4 Rat p2m-CD1d-streptag

In order to avoid problems of inefficient biotinyitan and in addition, to produce a
reagent whose oligomerization can be reversed (&nah al., 2002), also in
collaboration with M. Schiemann and D. Busch, a @bDld soluble molecule
containing a strep-tag and a polyhistidine-tag prasluced in the SC2 fly cell line. This
soluble CD1d molecule also contained thef2microgloubulin fused by a glycine-
serine linker. SDS-PAGE and Coomassie Blue R250istashows the purified protein
as a sharp band running at the expected molecd@htvof non N-glycosylated CD1d
and pf2-microglobulin, approximately 43 and 36 kDa undeatucing and non-reducing

conditions, respectively (Fig. 14).

3.4.1.5 Efficient loading of CD1d with a-Gal

Loading of glycolypids with long fatty acid chaires a-Gal into CD1din vivo is
facilitated by proteins belonging to the saposiamify, GM2 activator proteins, and
Niemann-Pick type C1 and C2 proteins (Sagiv et28l06; Schrantz et al., 2007; Yuan
et al., 2007; Zhou et al., 2004a), which contribiat¢he solubilisation and transport of
these glycolipids from hydrophobic membranes oretltés to the antigen binding
groove of CD1d. Such biological conditions can meutatedin vitro for example by
adding recombinant saposine B or detergent (TRITONO at a final concentration of
0.05%) to the CD1d/lipid mixtures (Im et al., 2008} shown in figure 15, only when
a-Gal loading was carried out in the presence ob%. @f TRITON X-100 staining of
rat semi-invariant TCR transductants with the deneorrelated with the TCR levels
and all cells could be visualized. In contrasthaiit TRITON X-100 not all cells bound
to the dimers. Moreover, the binding of the dimeig not correlate directly with the
TCR levels expressed at the cell surface of thesthactants. Thus, proper loadingoef
Gal into rat CD1d was only achieved when TRITON 081lwas also added to the
lipid/CD1d mixture. Nonetheless it is very impoitato take into account the
detrimental effects that the use of detergents aarse to living cells. Indeed, after
staining with dimers containing TRITON X-100 theeiof BWs cells was smaller.
These damaging effects were even more pronounctd psimary cells which were
lysed to a substantial proportion if the final centation of TRITON X-100 reached
0.0063% and/or the incubation times were longen thae hour during the staining with

the dimers (data not shown). For these reasonsrggaiwere usually carried out during
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one hour at room temperature and at a final conateonh of 0.0037% TRITON X-100,
conditions which most of the cells resisted.

no Triton 0.05% TRITON X-100

B-Gal a-Gal B-Gal a-Gal

experiment 1  “Tr73 804 1153 244 “To 116 " J264e3 72.2
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Figure 15. Efficient glycolipid loading of CD1d dimers. BW r/mCD28 rAV14S6 + CDR2+4 cells were
stained with dimers loaded with eitheiGal orp-Gal in the presence or absence of 0.05% TRITON X-
100 detergent. Dimers were visualized withtNDPE, and TCR levels were analyzed with R73-bio + SA-
APC. Two independent experiments are shown. Numlrerthe density plots correspond to the
percentages of cells in each quadrant.

3.4.2 Binding of diverse CD1d oligomersto rat semi-invariant TCR

At first, the capability of the newly generated €D1d oligomers to bind to rat semi-
invariant TCRs was tested with transductants esprgsa rat semi-invariant TCR
(AV14S6 AJ18 a chain and BV83 chain) (Pyz et al., 2006). In this experiment, the
newly generated rat CD1d oligomers were compareantmse and human CD1d
oligomers (figure 16)3-Gal-loaded controls were included to assess uifspbmding.

As previously shown by E. Pyz, these cells werssthbya-Gal-loaded mouse CD1d
tetramers to some extent. SimilardyGal-loaded mouse CD1d-1gG dimers also stained
this cell line very weaklyo-Gal-loaded human CD1d tetramers did not bind ® th
transductants. Importantly, staining of these cellth a-Gal-loaded rat CD1d-IgG
dimers was much better than with mouse CD1d-lgGedsmu-Gal-loaded rat CD1d
human Fc dimers also bound this rat semi inva@R, although not as efficiently as
rat CD1d-1gG dimers. Unfortunately, and even thoofigomerization was carried out
in one single experiment, the differences obsebatdeem-Gal- andB-Gal-loaded rat
CD1d streptamer stainings were very modest. Mornedlies reagent gave a very high
unspecific signal shown by tifeGal-loaded control staining. This unspecific birgli
was independent from TCR recognition since it @ppeared when untrasduced BWs

were stained (data not shown).
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Figure 16. Reactivity of CD1d oligomersfrom different species against rat semi-invariant TCR. BW
r/mCD28 rAV14S6 + CDR2+4 transductants were staingth wariousa-Gal- or p-Gal-loaded CD1d
oligomers.1 Human CD1d tetramers: 10° cells were stained for 40 min at room temperatuitd @.025

ug of a-Gal- or B-Gal-loaded human CD1d-PE tetramers (black and bmag, respectively) in a final
volume of 50ul of FACS buffer. Filled histograms correspond testained BW cells2 Mouse CD1d
tetramers: Staining of BW transductants with mouse CD1d-PEataérs was carried out as with human
CD1d tetramers. Human and mouse CD1d tetramers viredéy kprovided by S. A. Porcelli3 Mouse
CD1d-1gG dimers: 2x10 cells were stained with 2y of o-Gal- or-Gal-loaded mouse CD1d-IgG dimers
during 1 hour at room temperature in a final volumhd00ul, where the final concentration of TRITON
X-100 was 0.0037%. After washing, dimers were detbevith DuM-PE. Filled histograms show BW
cells which were stained with dM-PE in the absence of CD1d-IgG dimeRat CD1d-1gG dimers:
Staining of BW transductants with rat CD1d-IgG dimevas carried out as with mouse CD1d-1gG
dimers.5 Rat f2m-CD1d-hFc dimers: 2x1C cells were stained with 2g of a-Gal- or p-Gal-loaded rat
B2m-CD1d-hFc dimers for one hour at room temperaiora final volume of 100ul, where the
concentration of TRITON X-100 was 0.0063%. Bam-CD1d-hFc dimers were detected, after washing,
with PE labeled goat F(ab’)2 anti-human IgG Fc fnagt. Filled histograms represent non-stained.cells
6 Rat CD1d streptamers; 10° cells were stained with rat CD1d streptamersy(5ontaining 1ug a-Gal-

or B-Gal-loaded raf32m-CD1d-streptag + 0.7pg Strep-Tactin-PE, which had previously been pre-
incubated for 45 min at 4°C in a final volume of @0 The final concentration of TRITON X-100 was
0.01%. Filled histograms represent non-stained B\¥.ce

3.4.3 Binding of mouse and rat CD1d dimersto iNKT cells of either species

From all rat CD1d oligomers produced and testetdCE#1d-1gG dimers were chosen to
analyze rat primary cells, firstly, because theyeabe best reagent to stain a cell line
expressing a rat semi invariant TCR (Fig. 16) aexbadly, because the production of
mouse CD1d-IgG dimers had also been establishedritaboratory, allowing a direct
comparison of rat and mouse primary cells with saene CD1d reagent from each
species.

The following results were obtained when mouse @138) and rat (F344) intrahepatic
lymphocytes were stained with rat and mouse CDGi-tgmers (Fig. 17): i) mouse
CD1d-IgG o-Gal-loaded dimers stained mouse iINKT cells, whih previously
reported were the major proportion of T cells ie tiver (45%) (Hammond et al.,
2001). ii) o-Gal-loaded rat CD1d-1gG dimers, stained also moN&& cells, although
the proportion of INKT cells stained by rat the aéigomers (29% of the intrahepatic T
cells) was smaller than the proportion stained muse CD1d dimers (45%). iii) Rat
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Figure 17. Interspecies cross-reactivity of mouse and rat CD1d-1gG dimers. C57BL/6 and F344
intrahepatic lymphocytes were stained with rat emadise CD1d-IgG dimers loaded with eitleGal

or B-Gal. Dimers were detected withuBI-PE. To assure specific dimer staining of T cefi®use and
rat T cells were identified with H57-597 or R73 FFabeled mAbs, respectively. FCS/SCC dot plots
depict the gated populations among total isolatdi$,cwhich are shown in the dimers/TCR plots. In
mouse IHLs stainings, B cells, defined as CD19-pasitells stained with the 1D3-APCy mAb, were
excluded and are not shown in the dimers/TCR platsat cells, CD8 (341-bio + SA-APCy) and
CD4 (OX-35-Cy5PE) expression was also analyzed. CD8/@bts show F344 IHLs-gated cells
which were double positive for the different dimensd TCR. Numbers in the plots indicate the
percentages of gated cells.

INKT cells could be identified with rat CD1d-1g&Gal-loaded dimers, revealing that
compared to mouse, INKT cell numbers in the rat armuch lower: only a 1.4%
(x0.37, SD) of all rat intrahepatic T cells are iNKells. Moreover, in line with CD4
and CD8 expression by mouse and human iNKT cekn@Blac et al., 2007) these
Gal-loaded rat CD1d-1gG dimer positive T cells arestly CD4 or DN cells, and only a
very small proportion expresses Jb@.58% +1.43). In contrast, the few T cells which
are included in the gate of rat CD1d-Ifj&5al-loaded positive cells have a completely
different CD4/CDS8 distribution: Many of them CP&nd double positive and very few
DN. In a single experiment binding of mouse CD1d-lg&al-loaded dimers to rat
INKT cells was also tested. In this experiment gneportion of TCR positive cells
stained by the CD1d-lg@-Gal-loaded dimers was less than half of that sthiby rat
dimers, while the number of cells stained by fh&al-loaded control was slightly
higher. Nevertheless, much of this staining wadabty specific for INKT cells given
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the increased number of DN cells in this populatiblowever, the lower staining
efficacy and the rather high degree of staininqhomn-T cells underscore that mouse
CD1d-1gG dimers are not suitable for the analys$isad primary iINKT cells. A point
which is underlined by results obtained with cudtiiNKT cells later in this section
(Results 3.7.4).

3.4.4 Phenotype of rat iINKT cells

Once rat iNKT cells could be identified by flow oyetry its phenotype was analyzed.
First, based on their FCS and SCC properitiT cells were relatively big and fairly
granular (Fig. 18a). These properties allowed the reduction of th&e g&t on total
lymphocytes in such a way that unspecific staivirgg reduced while the proportion of
INKT cells among the gated cells was increased. (B8g®). Second, approximately the
half of F344 INKT cells bear a T@Rchain which contains the BV8S4 gene segment,
whereas among the other intrahepatic T cells or8y5a+0.5% have this particular BV
gene segment (Fig. 18. Third, almost alk-Gal-loaded rat CD1d-IgG dimer positive T
cells expressed NKR-P1A/B receptors detected bymid 10/78, hereafter referred
simply as NKR-P1. Nonetheless, from all T cellsresging NKR-P1 only a very small
proportion were INKT cells (5%ig. 18c) and fourth, as shown in the previous section
of the results, most of rat INKT cells were CD4DM (Fig. 17).
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Figure 18. Phenotype of rat iINKT cells. F344 intrahepatic lymphocytes were stained witfORat.d-
IgG dimers loaded with eitherGal orp-Gal, which were detected withoM-PE. To assure specific
dimer staining of T cells, after blocking of fremthing sites of LM-PE with mouse IgG, anti-TCR
mAb (R73-FITC) was included in the analysisSize and granularity of iINKT cells. To determihe t
size and granularity of rat iINKT cells comparedother intrahepatic lymphocytes first, dimer and
TCR co-staining was analyzed among all lymphocytég. FCS/SSC plot on the left, illustrates how
total lymphocytes were gated. Subsequently, iNKIIsd@ blue), defined as shown in the plot in the
center of the figureofGal-loaded rat CD1d-IgG dimeilfCRt), were superimposed to the gate of all
lymphocytes (red). In such a way a new gate wamelgfwhere iINKT are mostly localized (black
gate in the overlay of iNKT cells and total lympltes). As expected, the proportion of iINKT cells
increased among the cells contained in this namrgate (dimers/TCR plots on the right)BV8S4
usage by F344 iNKT cells comparedd T cells. Multicolor flow cytometry allowed to assethe
proportion of BV8S4 cells among iNKT cellso-Gal-loaded rat CD1d-IgG dimeand TCRcells) by
including the biotinylated R78 mAb (visualized wiA-APCy) in the staining. The dimer/TCR plot
illustrates which cells were analyzed for their BM8%age. In the histogram overlay the percentages
of R78 among iNKT cells (black) oup T cells (gray) are showr.NKR-P1 expression. Similar tg
NKR-P1 (10/78-Bio + SA-APCy) analysis was includedoithe iNKT cell staining. The NKR-
P1/TCR dot plot shows total lymphocytes in red (dats shown i, big FCS/SSC gate) and iNKT
cells in blue ¢-Gal-loaded rat CD1d-lgG dimerTCR+ cells, density blot shown i@&). In the
experiment shown, iINKT cells constitute a 5% of NRR intermediate TCRlymphocytes (black
gate).
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3.5iINKT cell frequenciesin variousrat strains

In human and mouse iNKT cell numbers are undectsgenetic control, as shown by
very similar frequencies in genetically identicatlividuals but varying up to 100 fold
among different genetic backgrounds (Lee et aD2B). These differences are also well
illustrated in studies where different mouse sgairere investigated (Hammond et al.,
2001; Rymarchyk et al., 2008). Therefore, apannftbe direct identification of INKT
cells in the rat, the analysis of INKT cell freqe@s and function among different rat
strains was one of the aims of this study. Prisults from E. Pyz investigatingGal
responsiveness in F344 and LEW rats, showed thateals F344 splenocytes secreted
cytokines in an antigen-dose dependent mannerkiogoelease by LEW splenocytes

was absent (IL-4) or very low (IFN- even at high concentrations @iGal. Based on

91



these findings both strains were chosen as repesenof a-Gal responder and non-

responder inbred rat strains and were tested éoptesence of INKT cells.

3.5.1iNKT cellsin F344 and LEW rats

Using rat CD1d-1gGo-Gal-loaded dimers, iINKT cell frequencies were gpedl in
different compartments of F344 and LEW rats. Thetigalar CD4/CD8 distribution of
these cells helps to identify false positive cellsen the frequencies of cells stained
with the dimers are very low. Therefore, CD4 and8gBxpression was also addressed
(Fig. 19).

As shown in a previous section (Results 3.4.3) iNt€ll frequencies in F344 rats are,
when calculated as proportion of hepatic T cel®,fdld lower than that of C57BL/6
mice and at least 50 fold lower when the frequenaimong total hepatic lymphocytes
were compared. Nonetheless, the distribution o$dheells in liver, spleen and blood
correlate with the data obtained in mice: rat IN&&Il numbers were also much higher
in the liver than in the spleen and than in theo8ld3.5, 0.4 and 0.05% of the T cells
which were included in the electronically-set gaseshown in figure 18 (Fig. 19, FSC-
SCC dot plots). This gate contained only big-siB@dphocytes and it was necessary to
reduce unspecific staining. However, this gate daes include the small-sized
lymphocytes and therefore the frequencies whichsai@vn in the dot plots are not
representative for all lymphocytes. Among F344 |Httee mean values of the
frequencies of INKT cells among total intrahepétimphocytes and among total T cells
analyzed in four animals are 0.25 (0.1 SD) and @@.37 SD), respectively.
Importantly, although sometimes only very few iNK&lls were stained with theGal-
loaded CD1d-IgG dimers (for example in the blooderehl only of 2300 cells was
stained, Fig. 19), the constantly reduced numbesgtipe for3-Gal-loaded CD1d-IgG
dimers, and the nearly absolute lack of DN cell®magncells stained witR-Gal-loaded
CD1d-1gG dimers indicate a large specific staimMgNKTs.

In agreement with the functional data obtained byP¥z, INKT cell numbers were
much more reduced in LEW compared to F344. Indetdyeas iINKT cells appear as a
clearly distinct population among F344 intrahepdtimphocytes, the results obtained
with LEW rats were close to the detection limit.

INKT cell development has been extensively studhetthe mouse. In this species INKT
cells are selected in the thymus by DP thymocyfkesr AV14-AJ18 rearrangements. In

the early stages of its development iNKT cells egprCD4, which will be lost later on.
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This loss of CD4 already occurs in the thymus (Bdac et al., 2007; Godfrey et al.,
2010). Therefore, it was surprising when no differencesemebserved between the
frequencies ofr-Gal- or B-Gal-loaded CD1d-IgG dimer positive cells in thymiss
from both strains (Fig. 19) and when no more DNscelere found among the cells
stained with a-Gal CD1d-IgG dimers. To which extent the obseniadreased
proportion of CD4 single positive amongGal-loaded CD1d-lgG positive cells
compared t@-Gal-loaded CD1d-IgG positive cells in F344 but moLEW thymocytes
relates to iNKT cells remains to be elucidated.
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Figure 19. iNKT cell frequencies in F344 and LEW rats. Frequencies of iNKT cells were analyzed
among intrahepatic lymphocytes (IHLs), splenocypesjpheral blood cells (PBCs) and thymocytes by
flow cytometry after having stained the cells wéither a-Gal- or B-Gal-loaded rat CD1d-IgG dimers
(visualized with xM-PE) and anti-TCRB (R73-FITC), anti-CD4 (OX-35-CyPE) and anti-CpP&41-bio

+ SA-APCy) mAbs. Based on the size and granularitiNefT cells (FIG phenotyp&), the FCS/SSC
plots on the left depict which cells are shownha timer/TCR plots. CD4/CD8 plots show eitheGal-

or p-Gal-loaded rat CD1d-IgG dimefCR" gated cells. Numbers in black indicate the pemges of
gated cells in each plot. Numbers in blue abové géat correspond to the total events which arevsho
Blue numbers with brackets in the plots indicatettial events of the dimeTCR" gated cells.
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3.5.2 Expression of AV14-AJ18rearrangementsin F344 and LEW rats

The fact that INKT cells express an invariant ToCéhain formed by rearranged AV14-
AJ18 gene segments can be exploited to detect ib#{IE by amplifying such invariant
a chains by PCR. Such rearrangements were analyzé844 and LEW thymocytes,
splenocytes and IHLs by RT-PCR using AV14 and Agdgers. All AV14-containing
TCRa chains were amplified as well with AV14 and ACrpers (Fig. 20). Figure 28
depicts the positions of these primers. Moreové&Rf chains containing BV8 gene
segments anfl-actin were also analyzed as controls of a spepificluct expressed by
T cells and of the general quality of the cDNA pestively.

In line with INKT cell frequencies detected by flasytometry using rat CD1d dimers,
the highest signal intensity of AV14-AJ18 produetas obtained with F344 IHLs-
derived mRNA and it was followed by spleen and tbhgmThe signal of AV14-AC
products was also higher in F344 IHLs than spletexcyand thymocytes. In LEW,
signals for BV8-BC an@-actin controls were the same or even higher tbaf344 but
AV14-AJ18 rearrangements were hardly detected dbgss of the tissue origin.
Moreover, intensity of AV14-AC PCR products wasodiswer than in F344.

As mentioned in the introduction, LEW rats have duectional BV8S2 like gene
segment (BV8S2and F344 rats have two (BV&S#hd BV8SA) (Asmuss et al., 1996).
The forward primer used to amplify TGRhains bind to both, BV8S2 and BV8S4

genes.
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Figure 20. g-actin, iTCRa, AV14 TCRa and BV8 TCRB mRNA expression by F344 and LEW
thymocytes, splenocytes and IHL s. a Schematic representation of the position of thmers used to
amplify iTCRa (AV14-AJ18) or AV14-containing TC&R (AV14-CA) chain mRNA by RT-PCRb
iTCRa (AV14-AJ18), AV14 TCR. (AV14-CA), BV8 TCR3 (BV8-BC) and p-actin mRNA
expression was analyzed by RT-PCR in two independgrdrienents: expl and exp2, respectively.
The products obtained after PCR amplification usibiN& derived from F344 or LEW thymocytes
(thy), splenocytes (spl) and intrahepatic lymphesy(IHLs) are show. - lanes are water controls.
Numbers indicate the size of the bands of the DNskker (m). Black arrows point out the expected
size of each RT-PCR produgkactin: 300 bp; AV14-AJ18: 420 bp; AV14-AC: 500 HRY8-BC:
484 bp. Gray arrows in the BV8-BC products indicate éxpected size of amplified DNA containing
the intron between the signal peptide and the blrigene segment: 582 bp. n.d. notermined.

A real time PCR was also established to detect il CRains. In addition of being a
more quantitative approach, it also allowed thefiomation of the results obtained by
RT-PCR, because the primers used in each PCR ldifarent regions (Fig. 2@ and
21 a). Relative quantification of iTCRmRNA among the different tissues of F344 and
LEW rats was based in the delta delta cycle thidsimethod AACt), but interpretation
of the results is rather limited since efficiendiesiTCRa (iTCR) and total TCR (AC)
PCR products were not determined, final concemwinatiof each primer pair were
different (iTCR 100 nM and AC 300 nM) and seridlutions of the cDNA were not
routinely included. Moreover, for the detectiontbé iTCRx chain one primer had to
anneal to AV14 and the other to AJ18. However, ssitiie size of the PCR product
should not be bigger than 300 bp for detection &¥BR Green, the forward primer
had to anneal to the exon encoding the variabl®megrig. 23). Therefore it was not

possible to discriminate between amplicons of gaaoamcomplemetary DNA as it was
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possible when the forward primer anneals to thenet@oding the signal peptide (Fig.
20). For all these reasons, instead of only showimgrelative values obtained after
AACt calculations (Fig. 2t andd), all Ct values obtained for iTCR and AC products
are shown (Fig. 2b). Despite the mentioned limitations, it is clehattthe ratio of
ITCRa to total TCRt mRNA is much higher in IHLs than in other compastits of
F344 rats or in any of the tissues analyzed in LEW.
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Figure 21. Relative quantification of iTCRe mMRNA among total TCRa chain mRNA. a Schematic
representation of the position of the primers ugednalyze iTCR (AV14-AJ18) mRNA expression
among total TCR (AC) chain mRNA by real time PCR.Mean values of the cycle thresholds obtained
for iTCRo and total TCRR mRNA in triplicate samples £ SD amdCt calculation, except for LEW iTCR

in splenocytes and IHLs, where only in 1 of 3 anaf 3 replicated samples, respectively, a PCR product
appeared. Relative iTGRMRNA expression was analyzed in different F344 BRW compartments:
thymocytes (Thy), splenocytes (Spl), intrahepatiophocytes (IHLs), lymph nodes (LN) and peripheral
blood mononuclear cells (PBMCs). n.d. non determiiceBelative iTCR. mRNA expression in F344
rats calculated by th&ACt method. In order to allow such a graphical repmétion, the relative iTGR
MRNA expression in the thymus was set as 1. AA€t values were obtained from the results shown in
c. d Relative iTCR:. expression among F344 and LEW thymocytes (Thy)enggytes (spl) and
intrahepatic lymphocytes (IHLs) calculated by thaCt method from the values shown én LEW
relative iTCRx mMRNA expression. Values were set as 1.

3.6 Analysisof AV 14 genefamily in therat

The size of the AV14 gene family varies considgrabétween species: Humans
possess one AV14 gene whereas mice one or twoasadip to ten (Kinebuchi and
Matsuura, 2004; Koseki et al., 1991; Lefranc, 20@&tsuura et al., 2000; Pyz et al.,
2006). In a previous report based on an obsolgtersantig sequence (NW_042969), it
was reported that BN rats have ten AV14 gene setgnevhich based on their
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localization in this contig were designated as TRAM to TRAV11-10 (Kinebuchi
and Matsuura, 2004). The designation of AV14 as AV4 based on the IMGT
nomenclature. This nomenclature is maintained s study to distinguish them from
the actual BN genomic sequence (NW_047454.2, AtBfl, 2005). All these gene
segments were expected to be functional and sortteeof (i. e. TRAV11-5 and -6, as
well as, TRAV11-2 and -8) had identical sequend®sasting of these ten AV14s
(TRAV11-1 to -10) with the most recent NCBI relea@éW _047454.2) reveals a
change in the order of the AV14 gene segments @y.In the actual version, all the
gene segments have unique sequences expectedoteathitferent polypeptides (Fig.
23 a). Consequently, two segments were absent in thaeforeport: AV14S1 and
AV14S3 (Fig. 22). AV14S3 is expected to produceoa-functional TCR chain due to
the deletion of two nucleotides resulting in a iegdrame shift and a premature stop
codon (Fig. 23).

Currently, there are no mAbs which recognize andistinguish the predicted products
of these AV14 gene segments (shown in Figapterefore analysis of expression of a
specific AV14 is restricted to the mRNA level. 1344 rats five different AV14 gene
segments and one pseudogene have been identifieldiipg AV14 comprising TCRs
from cDNA and genomic DNA, respectively (Matsuutale, 2000; Pyz et al., 2006). In
this study we propose a new nomenclature for sdntieese F344 AV14 gene segments
based on their homology degree with BN AV14 gerwrsmnts in order to simplify the
comparisons between these two species (Fig. 2R)hé&F344 AV14 gene segments are
found in the BN rat genome with 100% homology foe &xon encoding the mature
polypeptide, except the pseudogene AV14Safich shows only 98% homology
compared to AV14S4 Consequently, its predicted amino acid sequenc®i present
in BN (Fig. 22 and 23). In the exons encoding ilgea peptide, some of the F344 gene
segments have a nucleotide substitution when cadpar BN, which would encode a
glutamine (Q, F344 allele) at position 4 insteaa distidine (H, BN allele) (Fig. 24).
AV14 gene segments from F344 rats have been dividedwo different types based
on their CDR2 sequence similarity: AV14S8\V14S7, AV14S8 and the pseudogene
AV14S4P belong to type | and AV14$3s the only type Il representative (Matsuura et
al., 2000). Among all BN AV14 gene segments onlyebong to the type Il (AV14$2
and AV14S$, figure 22 and 23 andb). Interestingly, in the work published by

Matsuura et al. a specific tissue distribution béde types was proposed: Type Il
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bearing rearrangements were more frequent in tleeispwhereas type | containing

invariant TCRs were slightly more abundant in ikerl (Matsuura et al., 2000).
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a S1 S2 S4 S5 S6 S7 S8 S9 S$10

type | type Il S3p type | type | type | type |l typel type Il type |
—_ —_ = — —_ - - - -

[ " o " " 0 L] [ ]

| ] . . . ) . ' . ] )
b = b = b = b = p = k= t = = b = k= b = = b = b = k= k= b = b = b = k= = b = b = b = b = k= k= b = E =
2 % % 9% N % 5 B = 98% %9 % |y woR 9 8 OS82 % w9 N % % F S
o ow o o0 o o o = [l &= = = = P (-] - = = = = = = = = = -
o™ o~ o ™~ o ™ o™ ™ o™ o™ (3] o™ o~ ™ o™ o © Ll Ll © o“r o Ll [z Ll L]
BN obsolete sequence . o
BN actual genome NW 042969 F344 AV14 gene segments identified up to date
. Gene Name . .
CDR2 Positions at ) - Previous gene  Homology with
Type Gene Name NW_047454.2 (Klnezb(l)ng)l etal. Homology New gene name name BN genome Reference
| AV14S1 390863-391393
98% s (Matsuura et
1l AV14S2 583401-583932 TRAV11-10 99% AV14S? AV14S3 P al., 2000) and
100% v. :
this study
(0} AV14S3P 759841-760370
98% s.p. (Matsuura
- - 0,
| AV14S# 762278-762809 TRAV11-3 100% AV14S4P AV14+A 08% v. et al.,, 2000)
o P
| AV14SE° 1154998-1155529 TRAVIL-7 100% AV14S5 98%s.p.  Identified in
100% v. this study
100% s.p. (Matsuura et
- - 0,
I AV14S6 1418612-1419143 TRAV11-1 100% AV14S6 AV14S1 100% v. al., 2000)
TRAV11-5 100% 100% s.p. (Matsuura et
| AV14S7P 1659363-1659894 TRAV11-6 100% AV14ST AV142 100% v. al., 2000)
I AV14sg 1834544-1835071 TRAVLL-2 100% AV14S8 AV14S8 100% s.p. (2%)(/)26)6 taarild
TRAV11-8 100% 100% v. )
this study
1l AV14S9 2181139-2181670 TRAV11-4 100%
| AV14S16 2760694-2761225 TRAV11-9 100%

Figure 22. Nomenclature of rat AV 14 gene segments. According to their position in the most actual vensof the rat genome at the NCBI (NW_047454.2,ilA{5",
2005) @), we have named the AV14 gene segments of thenBMd rat strain according to their position in thegenomely). In the table are also listed the AV14 gene
segments reported by Kinebuchi and colleagues®d 20ased in the obsolete supercontig sequencallefd14 gene segments reported up to date for Fi3deed rat
strains with their new nomenclature based in themology to the BN AV14 gene segments.
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CDR1 CDR2
A avissie KTQVEQSPQSLVVHQGESCVLQCNYTVTPENNLRWYKQDRGRAPVLTVLTNKEEKT SRGRY SR TLDAGAKHSTLHITASLLDDAATYICVV
AV14S3PB L L............ Bttt it R A Eivvirnnnnnnn CG-RCHLHL. GG
AV14S4B L.l Bttt ittt T..G..
AV14S4PF
AV14S58
AV14S68
AV14S78
AV1458B
AVI4AS10® Rttt ittt ittt it
AV14528
AV14598

b CDR2
BN AV14S1 aa T v L. T N K E E K T S R G R Y S
BN AV14S1 nt TGACAGTCCTGACAAACAAGGAAGAGAAAACATCAAGGGGAAGATACTCGG

BN AV14S3P nt
BN AV14S4 nt
F344 AV14S4P nt
BN AV14S5 nt
BN AV14S6 nt
BN AV14S7 nt
BN AV14S8 nt
BN AV14S10 nt
BN AV14S2 nt
BN AV14S9 nt .
BN AV14S9 aa T v L A.Y K K E T T s S G R Y S

Figure 23. AV14 gene segments. a Alignment of the predicted amino acidic sequencalb¥Al4 gene
segments. The only F344 gene segment identifiedate which is different (without considering the
signal peptide exon) from those of BN rats, is AVABS(Accession Nr. AB036697.1) therefore it is the
only F344 derived sequence included in this aligmm€DR regions are illustrated with bold letterseTh
box indicates the peptide region containing the COR®se nucleotide sequences are showhb. ib
Nucleotide sequence (nt) of regions encoding the Cibg®n. Above and below the alignment, the
amino acidic (aa) sequences of representativeltgpl AV14S1) and type Il AV14 (BN AV14S9) gene
segments are shown. The CDR2 region is highlighitdabid.

Sig. peptide TRAV14

10 20 30 40 CDR1 60 70 CDR2 80 90 100

F TRAV14S6 IGKHLSACWVLLWLHHQWVAG RTQVEQSPQSLVVHEGESCVLQCNYTVTPFNNLRWYKQDRGRAPVSLTVLTNKEEKTSRGRYSATLDADAKHSTLHITA

F TRAV14S2 N ettt ensessososacnnnncnns G...... AY.K.T..S E

F110 TRAV14S2(A)AJ18 ...Q

F111 TRAVI4S2(G)AJ18 ...Q.uitiiinnnnnnenee  tenenneeeeenns Q

F101 TRAV14S2(A)AJ18 ...Q Q

Fs18 TRAV14S8 JA 47h .....viiiiiinnnnnnnns Keeovvooonnnns Q
Q
Q

L 3

=

Fs19 TRAV14S2 JA 21h ...Q
Fsl4 TRAV14S5 stop S

101 110 CDR3 120 130 140 150 160

F TRAV14S6 SLLDDAATYICVV A DRGSALGKLYFGIGTQLTVTP DVTDPEPAVYQLKDPQSDNITLCLFTDFDSQ
F TRAV14S2 .eeiiiaio....

F110 TRAVIAS2 (A)AJL8 .etunuuuintinn o ttnnnetiieeetanaeeen teeeaaeeeaaaeeannaeeennneenn
F111 TRAV14S2(G)AJ18 ............. L
F101 TRAVIAS2(A)AJL8 . ttinnutttinn o tenieetiee e atteen teeeiee et eannaeeeanneenn
Fs18 TRAV14S8 JA 47h ............. o LPYG.NN..T..K..T.S.Tu ututunintiinnnnnnnnnnnns
Fs19 TRAV14S2 JA 21h ............. L AD-.NA...T..D..R... Ko Nuttitti i
Fs14 TRAV14S5 StOP  ...o.evvn.... . AEV.TVS-FGVWGQVWQP

Figure 24. Cloned AV14 TCRa chains. The predicted amino acid sequences of various AV14
containing TCR chains which were coned after amplification by PGithg F344 splenocytes (Fs) or
ihntrahepatic lymphocytes (FI) derived cDNA as téatgare shown. The obtained clones are compared
to a previously described type | iT@GRhain (AV14S6 (previously named AV14S1, Pyz E. et al., 2006))
and to a type Il AV14 gene segment AV14Sprevious AV14S3, Matsuura, H. et al. 2000)). Dots
indicate same amino acid residue as the first semgueCDR regions are highlighted with bold letters.

3.6.1 Analysisof AV14 TCRa chainsin F344 rats

At first, in order to analyze AV14 and AJ gene seginusage in F344 rats as in the
previous study of Matsuura et al. (Matsuura et241Q0), AV14-containing TCRs from
F344 IHLs or splenocytes derived cDNA were clondeéthods section 2.2.2.10). Three
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clones selected randomly from each tissue wereesegal. Their predicted amino acid
sequences are shown in Fig. 24.

All the clones isolated from IHLs contained the 8dfene segment. In two of them, the
amino acid encoded in the junction region was aniak whereas in the other one was
a glycine. In contrast, none of the splenocytesvddrAV14 TCRs comprises the AJ18
segment. Instead, based on sequence similaritymatise AJ gene segments, the Fs18
and Fs19 clones encode the AJ47 and AJ21 rat hgonedo respectively. The Fs14 also
used a different AJ segment (the rat homologuéhnefrhouse AJ38) but a stop codon
appears in the cDNA resulting in a non-function&@Rb chain. In the BN genome,
identical sequences were found for all these ragexks.

All clones generated from IHLs cDNA used the typ&V14 gene segment AV14S2.
On the contrary, TC& chains isolated from the spleen contained diffefévil4 gene
segments: One was again AV14S2, but the other tere WV14S8 (type Il), previously
identified by E. Pyz (Pyz et al., 2006), and AV14@®fpe I) which had not yet been
described for F344 (Fig. 22).

3.6.2 AV14 and AJ18 gene segment usage in F344 and LEW rats

In order to study the usage of AV14 and AJ genensergs in the thymus, the spleen
and the liver of F344 and LEW rats, the productsioled in the RT-PCR experiments:
AV14-AJ18 and AV14-AC (Fig. 20) were directly seqaed. This approach does not
provide information about single TG@Rchains but it gives a relative quantification of
which are the gene segments used in each compartiheach strain. On the one hand,
sequences of the AV14-AJ18 products show which AWjene segments are
exclusively rearranged with AJ18. On the other haselquences from AV14-AC
products indicate the AV14 gene segments usedriitiple, by any AV14-positive
TCR and in addition also reveal which AJ gene sedsnare contained in these AV14
positive TCRs.

Sequencing of the AV14-AC products from F344 andALEhymocytes, splenocytes
and IHLs in the AV14 forward direction, showed a#l8 dominance only among F344
IHLs (Fig. 25). In the product obtained from F34lesocytes, AJ18 is not the only AJ
gene segment comprised among AV14 TCRs but still8Aducleotides stand out in
such a way that parts of this gene segment caredé. in contrast, in AV14-AC

products from F344 thymocytes or from any of thalgred compartments of LEW

102



inbred rats, AJ18 is neither preferentially usedh®/AV14 TCRs nor a unique reading
frame was identified (Fig. 25).

Sequencing was also carried out in the 3" to %ction using AC binding primers.
These sequences confirmed the results of the fdreaguences: only where the AJ18
gene segment stood out in one unique reading feag@mplete reverse sequence was
achieved i.e. F344 IHLs, which reached the AV14egeegment. On the contrary, in the
organs where no AJ18 was legible, the readableeseguended as soon as the AJ
segment started and a mixture of many sequencesasgap (F344 thymus) or a
sequence with no homology to any AJ gene segmestfaand (LEW thymus and
spleen, analyzed by blasting the sequences toathgenome and GeneBank at the
NCBI). The intermediate situation is perfectly dteated by F344 spleen sequences: the
AJ18 gene segment can still be detected and phttecAV14 as well, but other AJ
segments interfere with AJ18 (Fig. 25).

In line with the conserved CDR3 region of mouse aandian iTCR chains, whose
joining region contains three nucleotides encodingingle amino acid, (Koseki et al.,
1991; Lantz and Bendelac, 1994), the joining regibrthe AV14 TCRs (AV14-AC
products) of F344 IHLs, most of which contained &8 segment, also contains a
three-nucleotide stretch encoding alanine (GCx,revlxels any nucleotide) and glycine
(GGx) are detected (Fig. 25) — being even more extidn the reverse sequence —
whereas all AV14 gene segments of the BN genome G&C at these positions.
Alanine and glycine are also the joining amino aaéscribed for cloned iT@GRchains
by Matsuura et al. (Matsuura et al., 2000).

Among TCRs formed by AV14 and AJ18 gene segment8# splenocytes and IHLs,
the same three-nucleotide joining region containrggious nucleotides encoding
alanine or glycine was consistently found (Fig. .2& contrast, among F344
thymocytes the AV14-AJ18 transition contained jumcal regions of various sizes
resulting in different reading frames and illusthtby the appearance of various
nucleotides at the same positions of the AJ18 gmmment (Fig. 26) although the
intensity of the AV14-AJ18 RT-PCR products was appnately the same as in
splenocytes (Fig. 20). In LEW rats the analysiswth AV14-AJ18 products was not
always possible due to the very low amount of afeplimaterial which, as described
above, may reflect the small numbers or absengBKT cells in this strain (Fig. 19
and 20). Indeed, from three analyzed animals no-didiived sequence could be

obtained; in the spleen, two sequences were achiéwe AJ18 was legible only in one
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of them, indicating that not all AV14AJ18-rearradgeCRs contained the same reading
frame; and at last, in thymocytes in one singlee@sequence was obtained whose VJ
transitions differed in size.

Fig. 27a illustrates how we evaluated the usage of AV14egagments. A type | to
ranking was established depending on which dideoctgotides and with which
intensity appeared in the CDR2 region. In such g wa>> |l was assigned when only
nucleotides were observed which correspond to tyg@DR2s and | ~ Il when
nucleotides of both types were detected with thmesintensity. In order to exclude
sequencing artifacts reverse sequencing was ggneaatied out. The table in Fig. 27
summarizes all the data obtained. Three differats were analyzed (except for F344
thymus) but sequencing often failed in the casesralthe obtained RT-PCR product
was difficult to detect (Fig. 20 and dJ. First of all, there were no differences on the
types of AV14 gene segments used by invariant T@R44-AJ18) and AV14 positive
TCRs with various AJ segments. Second, in the penp of F344 rats (spleen and
IHLS) both types of AV14 gene segments seem togoeley used. Third, in the thymus
however, a preference towards type Il can be apieet and fourth, LEW TCRs in

contrast show a general bias to type | AV14 gegensats in all the tissues.
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(tplenocytes (spl) or

Figure 25. AJ gene segment usage by AV14-comprising TCRa chains. AJ gene segment usage by

AV14-containingTCRo chains was analyzed in F344 and LEW thymocyteg)

AC products (as in

PCR products were sequenced in both,datvand reverse directions. When possible, a
representative example is shown. Below each exartjpdespecified how many rats were analyzed, how

many sequencings were carried out and how mangléegequences were obtained. R: junctional region.

n.d.: non determined.

IHLs derived mRNA by RT-PCR and subsequent sequenditigecobtained AV14-

Fig. 20). RT
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-AJ18 TCRa chains.

TCRou chains containing AV14 and AJ18 gene segments aeatyzed in F344 and LEW thymocytes
(thy), splenocytes (spl) or IHLs derived mRNA by RTH# and subsequent sequencing of the obtained

Figure 26. Analysis of nucleotides contained in the junctional regions of AV14

products (as in Fig. 20). RT-PCR products were seaukimcboth forward and reverse directions. When

possible, a representative example is shown. Belmwrépresentative example

how many rats were

analyzed, as well as how many sequences were aastie and how many legible sequences were

obtained is specified. R: junctional region. n.cin metermined.
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CDR2
Ei B TGACAGTCCT GACAAACAAGGAAGAGAAAACATCAAGGGG AAGATACTCGR
'

A
o

" AL LA A A.u‘\- ;_
Typel TGACAGTCCTGACAAACAAGG AAGA

Rev n.d.

, CDR2
O G ACAGTCCTTOCAT ACAA AR AGEABACGACAT CAAGTRGAARATADT CAG

Type Il

Rev | ol r\’
W I

|‘5 ‘

: 0 9 N JAVAAR B 2L A
AAJATATATTTTIIITITAITATAR
CDR2

B TGACAGTCCTNNCATACAAANANG AGACNANATCAAGGGG AAGATAC TCAG

J‘J\M/ ”wvm/\»;\m " a0

'rype | ~1l TGACAGTECCTHNNCATACARANANG AGACNANATCAAGGGBG AAGATACTCAG
3‘ AJTRATIADAADUATHUTATTHUMUTUITITUTTATAATTINIITTIITATARAMKD

Rev
b F344 LEW
el e2 e3 el e2 e3
AV14-AC > I>>1 n.d. 1> I >>> | [> 11
Thy
AV14-AJ18 I>>1 I>>1 n.d. failed | >>> || failed
AV14-AC I>>1 I>>1 I~ | >> | [ >>> || [>> 1]
Spl
AV14-AJ18 N~ I>>> | I~ | >> ] N~ failed
AV14-AC I~ I>> 1> I~ failed [>> 1]
IHLs
AV14-AJ18 I~ I>>| > 11 failed failed failed

Figure 27. AV14 gene segments usage by AV14 and AV14-AJ18-containing TCRa chains. a
lllustration of the relative quantification of ti/14 usage. AV14-JA18 as well as AV14-AC RT-PCR
products (Fig. 20) were sequenced to analyze tageusf the different AV14 segments by invariant and
AV14-containing TCR chains. Three representative examples are shownrevthe usage of either type |
and type Il or both (type | ~ II) AV14 genes predonaied. RT-PCR products were generally sequenced
in both, forward (Fow) and reverse (Rev), directidesnonstrating that when in one particular position
more than one nucleotide was detected the readtincbwas not a sequencing artifabbtAV14 gene
segment usage by invariant and AV14-containing d@Rains of F344 and LEW thymocytes (Thy),
splenocytes (Spl) and intrahepatic lymphocytes @Habtained in three independent experiments (e 1t
3). Abundance of one or the other AV14 gene typesaich particular case, when a successful sequence
was obtained, was summarized with > symbols. Tlangkes shown im for type | and type 1l would
correspond to I>>>l and II>>>I, respectively, whas I~Il was used when the signals observed were
nearly equal for both AV14 types. “Failed” appeatsen sequencing of RT-PCR products failed.
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3.7 a-Gal responsivenessin therat

KRN7000 is a synthetic analogue afGalactosylceramidea{Gal), a compound
isolated from the marine spondgelas mauritiauns. Due to its origin, KRN7000 is
usually referred simply as-Gal and, as mentioned in the introduction, is fingt
glycolipid antigen described to be presented by €Bxid to be recognized by the semi-
invariant TCR of iINKT cells (Kawano et al., 199é@)Gal is still one of the most potent
INKT cell agonists described up to date (Venkataswand Porcelli, 2010). Therefore,
it was used in this study to analyze iNKT cell prese among different rat strains.

3.7.1 Cytokine release in ex vivo cultures. Comparison of 5 different inbred rat
strains

As mentioned before, a particular characteristidN®T cells is the very fast secretion
of various cytokines. We used this property as tastem for the occurrence of
functional iINKT cells in 5 different inbred rat atns including F344 and LEW. Primary
cultures of IHLs and splenocytes in presence oeradxs ofa-Gal were carried out and
IL-4 and IFNy released into the supernatants were measured2dfteours by ELISA.
In order to demonstrate that the cytokine releaa® due to the presentationseGal by
CD1d, cultures with mAb 233 were included in theags In addition to cultures with
medium only 3-Gal was also used as negative control. Furthermto@sses the general
capacity of the cultured cells to secrete IL-4 BN{y, ConA was also added to the
cultures (Fig. 28).

Splenocytes and IHLs derived from F344 rats sedriétel and IFNy in ana-Gal dose-
and CD1d-dependent manner. Considering the diffecet densities of splenocyte-
and IHL-cultures, 1band 2.5*16 cells/ml, respectively, cytokine release by IHLsswa
much higher than by splenocytes, as expected frendifferent frequencies of INKT
cells detected in these organs (Results sectiod)3.Bemarkably, the IL-4 amounts
secreted by splenocytes afteiGal stimulation were approximately the same asraft
ConA stimulation.

In cultures of BN- and DA-derived cells, IL-4 seibpe also appeared in anGal dose-
dependent manner and was inhibited by the anti-Cbixb 233, although ConA
induced IL-4 production by DA cells was also pdlgianhibited when the mAb was
added to the culture. LEW and PVG splenocytes cetalyl lacked amu-Gal-induced
IL-4 production despite the presence of cells Wit4 secreting potential demonstrated

by ConA stimulation. IL-4 production by PVG IHLs eseed to be largely-Gal-
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independent and partially inhibited by 233. Appdserthis mAb also inhibited 1L-4
release by PVG IHLs after ConA stimulation.

An oa-Gal-induced and CD1d-specific IFNproduction can be clearly stated for IHL
and splenocytes of F344 rats while the resultsBidrrats were less clear. The other
inbred rat strains showed only a varying spontasd&iN-y production, which may
have obscured an-Gal-specific response. For all these strains spm@muus [FNg¢
secretion by IHLs was at least as high as the maxirof thea-Gal-induced production
by F344 IHL. The spontaneous IRN<lease by PVG IHLs was even higher than after
ConA stimulation of all the other inbred straingcept DA where it was at least as
high.

Despite the strict attachment to experimental @) results varied considerably as
indicated by the high standard deviations obtainefive independent experiments, in
the case of cells without addition of the 233 mAkg(re 28).

Cytokine release by thymocytes was also addresskxzhst for one rat of each strain
with the same conditions as indicated above.cABal response was never observed
even at high cell density cultures (2*1d®lls/ml), where after ConA stimulation at least
some IL-4 production (1-10 pg/ml) was detected.

Even in F344, which is the inbred rat strain in eththe highesti-Gal responsiveness
was observed, iINKT cell frequencies are very lowegqits section 3.5.1). Thus single-
cell based techniques, which facilitate the dedecwf low frequencies of cytokine
producing cells, were also used and IL-4 secrediter a-Gal simulation of splenocytes
and IHLs (16 and 2.5*18 cells per well, respectively) was analyzed by ERIS (Fig.
29). In addition to the detection of the numbels#t producing cells, ELISPOT results
also allow the analysis of the relative levelslo#l secretion by determining the size of
the spots. The intensity and size of the spots gtapending on the settings used to read
the plate and on the duration of the incubationhwthe substrate reagent in the
experimental procedure. Hence, the wells and tlamtification of the spots according
to their size are shown only for one representatixperiment of each strain. The
general variability between experiments is illustdaby the high SD of the total spot
numbers obtained in two or more independent exmsrisa Moreover, the non
standardized sensitivity of the method, surely gbutes to this variability.

With the IL-4 ELISPOT, basically, the samé&Gal responsiveness pattern was observed
as in the ELISA experiments with the exception & ats. A comparable size of the

spots after ConA and-Gal-induced activation was only found in F344.thms strain
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the number of large spots (above -1.6 and -1.8 hog® for spleen and IHLs,
respectively) was even higher afteGal than after ConA stimulation. Importantly, the
233 mADb inhibited the formation of these large spoi-Gal but not ConA cultures. In
the experiment shown 270 and 117 big-sized spitsvéa-2.2 Log mrf) were found
among a-Gal-stimulated IHLs and splenocytes, respectivebmphasizing the
importance of the size of the spots, the total nermf the spots was higher in
splenocytes but not in IHLs cultures afteiGal stimulation compared tf-Gal or
medium only. Thus the graphics showing only the benof the spots but not the size
are not sufficient to interpret the results in thassays (Fig. 29).

A response such as that of F344 rats was not aidenwong any of the other inbred rat
strains. Only cell cultures from BN rats showed iacrease above the background
(obtained withp-Gal or only media) in the number of relatively-tsgots after-Gal
stimulation which disappeared when the 233 mAb adgded. In contrast, in LEW and
PVG cultures, the spots obtained afteGGal stimulation were not more abundant or
bigger than the spots observed in cultures wife@al or no antigen was added.
Nonetheless ConA-stimulated splenocytes culturesatoed a considerable amount of
IL-4 secreting cells. Among IHLs, a high numbercefls producing IL-4 was observed
in a non-specific manner.

In DA-derived ELISPOT assays, in contrast to thsuls obtained by ELISA, the
number of IL-4-secreting cells and sizes of thetsdtera-Gal stimulation were not
higher than in3-Gal or only media cultures. Moreover, IL-4 se@rtof IHLs was in
one case even reduced when the cells were incubatied-Gal compared t@¢-Gal or
only media (Fig. 29), while in another experimehé tresponse of all three culture
conditions was similar (not shown). In BN cultutee number of cells producing small
amounts of IL-4 appearing in ConA stimulations weduced when the 233 mAb was
added. This mAb also inhibited the ConA responseAfplenocytes.

Thymocytes (1.5*19cells / well) derived from F344 and LEW rats watso analyzed
in ELISPOT assays. IL-4 secreting cells were cotepfeabsent iri-Gal stimulations.
Nonetheless a very low but constant number of spete observed in both strains after
ConA stimulation: 4 and 13 in F344 and 12 and BENWV thymocytes. The secretion of
IL-4 by these cells was not inhibited by the 233bmdata not shown).
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Figure 28. IL-4 and | FN-y release by splenocytes and IHLs. 2*106 splenocytes or 5*E0HLs from five different inbred rat strains wereltewed in 96 well plates with-
Gal, B-Gal or ConA at the indicated final concentratiéms 24 hours (gray bars). Moreover, also the 233mvas added to each culture condition (white badks} and
IFN-y release into the supernatant was analyzed by ELIS¥® mean values obtained in three independergrements + SD, except for PVG rats where only two
experiments were performed, are shown. Duplicatze warried out when sufficient cells were isolafdte 233 mAb was included in two of three experitae
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Figure29.IL-4 ELISPOT analyses of primary splenocytes and IHL s cultures of five different inbred rat strains. 10 splenocytes or 2.5*30HLs from five different rat
strains were cultured for 24 hours wittGal (10 ng/ml)B-Gal (10 ng/ml), ConA (3ig/ml) or only media in the presence or absence®2B83 mAb. The wells of one single
experiment for each tissue and each rat straiistawe/n. The first row of graphs shows the numberaninted spots according to their size (X axis Lag?rin one single
experiment. In addition, the mean values + SD efttitial spots detected in at least two indepenedgreriments are shown in the second graph-rowgtaahs). The number
of conducted experiments is two for BN, DA and P\i@ee for F344; three for LEW IHLs and five for AEsplenocytes.
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3.7.2 Analysisof F344 x LEW F1 generation

Analysis of supernatants harvested from culturegprahary splenocytes and IHLs
derived from F1 generations between F344 and LEW$ (& male rats from
F344xLEW, and 1 male rat from LEWxF344) revealedi@®al dose-dependent release
of IL-4 which was CD1d-restricted (Fig. 30). A cadmant, no sex-linked inheritance
of the alleles controlling INKT cell frequencies dartytokine release aftes-Gal
stimulations is expected because cytokine amouet® \approximately half of those
observed in F344 cultures and because there watifieoence between the two F1

generations, regardless of the strain origin ofrearomosome.

Figure 30. IL-4 release by splenocytes
F1 splenocytes F1 IHLs and IHLs ex vivo cultures of F344 and
LEW F1 generation. 2*10¢ splenocytes or

’—g : - 5*105IHLs were cultured in 96 well plates
S 100 with a-Gal, B-Gal or ConA at the indicated
a” s final concentrations for 24 hours and IL-4
< 0 50 release into the supernatant was analyzed
- 25 by ELISA (gray bars). Moreover, the 233
o0 01 7 10 100 fo 100 3 ®7% 01 1 10 100 10 100 3 mAb was also added into each culture
— P — Soa o condition (white bars). The mean values
(ogim) [ (g «m wem  Obtained in three independent experiments

+ SD are shown. Duplicates were carried
out when sufficient cells were isolated.

3.7.3 Analysis of C57BL/6

In order to compare rat-Gal responsiveness to mouse, similar cultures @&fBL/6
splenocytes and IHLs (1@&nd 5*16 cells/ml, respectively) were carried out. Figufe 3
shows that C57BL/6 derived primary cells produceimmore cytokine amounts after
a-Gal stimulation than rat primary cells. Having donsideration that five times less
C57BL/6 IHLs than rat IHLs were used;Gal-dependent cytokine release by mouse
IHLs is about 50 fold higher than that of F344 IHG57BL/6 splenocytes produce also
much more IFNy than F344 splenocytes.

C57BL/6 splenocytes C57BL/6 IHLs
/E\ : 1::: Figure 31. Cytokine production in ex vivo
) cultures of splenocytes and IHLs from
e ” C57BL/6 mice. 2*10¢ splenocytes or F0HLs
E i "o [ were cultured in 96 well plates withGal, p-Gal
= lmam H P N H ” . or ConA at the indicated final concentrations for

0 o1 110100 10100 0 o1 110100 o 00 24 hours. IL-4 and IFN- release into the

g 8000, 15000 supernatant was analyzed by ELISA (gray bars).
D so0o] 12500 Moreover, the 233 was also added into each
e B culture condition (white bars). The values
Z?' - H 5000 “ w H obtained in one single experiment are shown.
TR 2500 ”
B B Hi 0 1o|;| 10 100 0 o1 10 100 10 100

a-Gal B-Gal a-Gal B-Gal
(ng/ml) (ng/ml) (ng/ml) (ng/ml)
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3.7.4iNKT cell expansion in F344 but not in LEW and C57BL/6 IHL -cultures

IHLs derived from F344 and LEW rats or from C57Blitice were cultured with
different stimuli (ConA,a-Gal, B-Gal or no stimulus) for 7 days. After this timgaat
from ConA cultures, a clear population of largearariar cells appeared exclusively in
F344-derived IHLs incubated witt-Gal (Fig. 32). These cells express NKR-P1 and
low TCR levels in contrast to the small-sized Tlcehat are also present in these
cultures and in the cultures wifhGal or without stimulus. Cultures with &y / ml
ConA were used as positive control for activatecklls.

NKR-PI" and TCR-low cells are stained withGal-loaded rat CD1d-lgG dimers, as
shown in figure 33, but not by-Gal-loaded mouse CD1d-1gG dimers. As illustrated i
the histogram of Fig. 33, most of the cells arénsth by a-Gal-loaded rat CD1d-IgG
dimers, although the staining intensity of manylsc&d not very high. Therefore, in
contrast to primary cells (Results section 3.4I4QR and NKR-P1 are suitable markers
for the identification of rat iINKT cells in rat IHi_cultures.

About 50 percent of F344-cultured iNKT cells exmgrahe BV8S2 gene segment,
whereas none of them expresses BV16 (Fig. 34). Mere most of them are CD4 and
CD8B negative in contrast to the T cells present antbieggate of small-sized cells,
whose CD4 and COBdistribution is the same as in primary T cellg(RR4 and 37)

The presence of INKT cells after seven days ofucaltwith a-Gal is due to an
expansion because the initial number of INKT celiitled to the cultures was about
3000 cells per well (0.03 % of the total IHLs) aheé number of living cells recovered
at the end of the culture was 30000 to 300000 aodtahalf of them were iNKT cells.
Although it is not shown, the AV14 gene segmengesaf F344 expanded iNKT cells
was also addressed in the same way as describdtieinresults section 3.6.2.
Interestingly, both types of AV14 gene segmentsawWeund after 7 days of culture with
a-Gal.
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Figure 32. Primary F344, LEW and C57BL/6 IHL s cultures. IHLs derived from C57BL/6 mice, F344
or LEW rats were cultured for 7 days in the preseoto-Gal (20 ng/ml),3-Gal (20 ng/ml), ConA (3
pug/ml) or only media and were analyzed by flow cysébm. Numbers indicate percentages of gated cells.
FCS/SSC plots, show characteristics of the cultusdld and depict the gated cells for which TCR and
NKR-P1 expression was analyzed. Gray arrows indigated cells shown in the subsequent TCR/NKR-
P1 plots. Cells were stained with aafi TCR (R73) visualized with &@M-FITC and with anti NKR-P1
(10/78-PE). Isotype control stainings were included
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Figure 33. After culturein the presence of a-Gal iNKT cells are expanded when primary IHLs are
derived from F344 but not from LEW rats. After 7 days of culture with 20 ng/mtGal, intrahepatic
lymphocytes from F344 and LEW rats were analyzedldy cytometry. Cells were stained with anti-
TCRB mAb (R73-FITC) andi-Gal- or B-Gal-loaded rat CD1d-IgG dimers, which were viswedizvith
DoM-PE. F344 cells were also stained with mouse Ct@ldimers. In F344, but not in LEW cultures
two different populations based on their FSC/SSC gnttgs were clearly distinguished (FSC/SSC plots).
Dimer and TCR stainings are shown separately in émsity plots for each population, as it is pointed
out by the arrows coming out of the FSC/SCC plots. Aikgram on the upper right shows all the dimer
stainings of the big-sized cells observed in thé4&ultures.
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Figure 34. BV usage and CD4/CD8p distribution among cultured iNKT cells. Cultured F344 iNKT
cells were analyzed by flow cytometry. Numbers ¢ati percentages of gated cells depicted in the dot
plots. Gray arrows indicate gated cells shown enghbsequent dimer/BV®)(or CD4/CD8 (c) plots.a
The FCS/SSC plot depicts the gating strategy folloveednalyze BV usage by the two different cell
populations - labeled as small and big cells - Whappeared in 7 day-Gal F344 IHLs culturesb
Analysis of BV8S4 usage. Cultured cells were stained wittsal-loaded rat CD1d-IgG dimers (detected
with DaM-PE) followed by anti-TCR (R73-FITC) and biotinylated anti-BV834R78, visualized with
SA-APCy) mAbs.c Analysis of BV usage. Cells were stained with uncgajad antibodies against
TCRB (R73), BV8S4 (R78) or BV16 (HIS42) which were visualized wittul-FITC and with anti-
NKR-P1 (10/78-PE), anti-CD4 (OX-35-Cy5PE) and anti8BD(341-bio + SA-APC) mAbs. Isotype
control stainings were included.

3.8 Analysisof NKR-P1 and TCR expression in different rat strains

In the results section 3.4.4 it is shown as in @sitto some mouse strains (e. g.
C57BL/6), where most of NK1'1T cells are iNKT cells (Hammond et al., 2001;
Matsuda et al., 2000), in the rat only a minor pérall NKR-PT TCR' cells are iNKT
cells, what is similar to the situation found inntans. Indeed in F344, the strain with
the strongestn-Gal-induced cytokine secretion and therefore ttrairs where the
highest number of iNKT cells is expected, only 3%RNP1" TCR" splenocytes and 5
to 10% of NKR-P1 TCR' IHLs are iNKT cells (Fig. 35). From all the straiim which
the response ta-Gal was investigated (Results section 3.7.1), iN¢€Il frequencies

were only addressed in F344 and LEW. This reselt§@ summarizes our analysis of
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NKR-P1 expression as well as the frequencies dhitceBV gene segments used by
different T cell subsets. This analysis also sergedain more information about the

cells added to the cultures described in the reselttion 3.7.
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Figure 35. iINKT cells are a very small population compared to NKR-P1" T cells. INKT cells and
NKR-P1 expressing T cells were analyzed by FACS aspienic and intrahepatic lymphocytes from
F344 and LEW rats. iNKT cells were identifiedea&al-loaded rat CD1d-1gG dimeFCRr cells (control
stainings are shown in Fig. 17). Dimer staining wasealed with BM-PE. TCR was stained with the
FITC conjugated mAb R73 and NKR-P1 was visualizeith \iD/78-PE labeled mAb.

3.8.1 Analysisof NKR-P1 expression among T and non-T cells

In line with the low numbers of iINKT cells among RKPT TCR' cells in the rat, no
correlation was found between the frequencies otlls expressing NKR-P1 and the
observeda-Gal response pattern (Fig. 36 and Fig. 28). THesguencies are very
similar among all the strains, with the only exeeptof DA splenocytes. In general, the
frequencies of NKR-P1 positive T cells in the lihage higher than in the spleen.

In contrast, the percentages of NKR-P1 expresselig gvhich are not T cells differ
between these five inbred strains in the thymusiarttie liver. Apart from NK cells,
monocytes and some dendritic cells also express-RKRt intermediate levels (Josien
et al., 1997; Scriba et al., 1997). Among thymosygesmall population expressing high
levels of NKR-P1 was clearly detected in F344, D VG rats. This population was
much more reduced in BN and LEW (Fig. 36 and t&hlewithin the isolated IHLs,
F344, BN, DA and LEW have similar frequencies oflc@xpressing intermediate
NKR-P1 levels but in PVG these cells are absenteNorthy, the numbers of cells
expressing NKR-P1 at high levels vary betweenhal dtrains from almost 50% of all
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IHLs in DA to 14% in BN rats. These differencesleet variations on the frequencies
of the other cell types (Fig. 36 and table 6). Mwer, NKR-P1 expression by the cells
with the highest levels also differs between thaiss in the liver and in the spleen,
being more reduced in BN and PVG compared to FREAY and DA (Fig. 36 and
means of geometric MFI £SD in four to five indepentiexperiments in spleen: BN:
871 +203; PVG: 935 +404; F344: 2087 +230; DA: 16208 and LEW: 1926 +203
and in IHLs: BN: 807 +162; PVG: 542 +208; F344. 05685; DA: 1208 +415 and
LEW: 1252 +202).
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Figure 36. NKR-P1 and TCR expression by thymocytes, splenocytes and intrahepatic lymphocytes

in five different inbred rat strains. a NKR-P1 (10/78-PE mAb) and TCR (unconjugated R73 mAb
followed by DuM-FITC) expression was analyzed by FACS. Isotype rotsitwere included, although
they are only shown for F344 stainings. Differeateg were set according to the various NKR-P1/TCR
levels observed. Numbers indicate the percentafjebheogated cellsb Percentages odf3 T cells
expressing NKR-P1 were obtained as illustrated by dividing the percentage of NKR-PICR" cells
among the total percentage of TC&lls ¢ Percentages of NKR-PTCR' thymocytes. In the bar graphs
the means + SD of four to five independent expeanimare shown. Unspecific stainings, determined as
in a for F344 with isotype control antibodies, weretsatted.
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F344 BN DA LEW PVG

0.2516 + 0.0404 + 0,1220 + 0.0037 + 0.0667 +
Thymus 0.0994 0.0500 0,0277 0.0054 0.0191
high 4.86 +0.60 1.92 +0.09 3.68 £ 0.46 3.41+053 3.86+0.77
Spleen int 1.17+0.24 1.56 +0.16 0.82 +0.19 1.00+0.10 0.90 +0.07
low 1.29+0.33 1.28 +0.26 1.12 +0.51 2.21+042 046+0.1
high 25.40 +2.19 14.72 +2.58 46.54 +8.12 27.26984. 40.11 +5.01
IHLs int 6.00 + 2.58 3.84+1.89 3.03+1.05 6.56 + 3.16
1.03+0.43
low 4.56 +1.26 5.25+1.78 3.47 +1.39 5.77+2.35

Table 6. TCR’ cells expressing various levels of NKR-P1 in the thymus, spleen and IHLs of five
different inbred rat strains. The means of the percentages obtained as illudtmatégure 36a in four

or five independent experiments £SD are shown. Agreplenic and intrahepatic lymphocytes of all the
strains, except in PVG, three TGpbpulations with high, intermediate (int) and IbMKR-P1 levels were
observed. In PVG the intermediate and low NKR-Pdpulations could not be distinguished (Fig.a36
therefore, one gate containing intermediate andN&R-P1 expressing cells was established.

3.8.2 CD4 and CD8 distribution among NKR-P1* TCR" cells

Rat iINKT cells are mostly CD4 or DN (Fig. 19). Asepiously described (Knudsen et
al., 1997; Li et al., 2003; Matsuura et al., 20B9z et al., 2006; Ru and Peijie, 2009),
most NKR-PI TCR' rat cells express Cpan the spleen and in the liver of all the
strains (Fig. 37 and Table 7). In F344, changetherrelative frequencies of CD4 and
DN positive cells among NKR-PTTCR" cells due to the presence of iNKT cells can
only be expected within IHLs, where iNKT cells afsout a 10% of all NKR-PTTCR'
cells, but not in splenocytes, where the frequentyiNKT cells is only 2%
approximately of all NKR-P1TCR" cells (Fig. 35). Indeed, more DN and less @D8
appear in F344 IHLs compared to splenocytes (T@plé significant increase of the
DN NKR-PI" TCR' cells in IHLs compared to splenocytes was alsadoin BN and
DA, the two othen-Gal responding inbred strains. Neverthelessniiaias to be shown
whether this increase is due to augmented iNKT eihbers. In fact in PVG rats,
which did not show a clear responsaut@al, the frequency of DN NKR-PI cells in
IHLs was also higher compared to splenocytes (atthothe differences are not
statistically significant) (Table 7). CD4requencies among NKR-PTCR' cells are
not augmented in IHLs of any strain compared tcersptytes. Remarkably, the
CD4/CDS8 distribution in NKR-P1 negative T cellsfdif little (i. e. LEW CD8 T cells
and PVG CD2A T cells) if at all between splenocytes and IHLnfréghe same strain

whereas the inter-strain differences can be higiblg 7).
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Figure 37. CD4 and CD8p expression by NKR-P1 positive and negative F344 T cells. Lymphocytes
from the spleen and the liver were analyzed by tgtometry. CD4 (OX-35-Cy5PE) and CP&41-bio
+ SA-APCy) expression by NKR-P1 (10/78-PE) positivenegative T cells (R73 andoM-FITC) was
analyzed by flow cytometry. Numbers inside the plots indicate the percentages of gated cells. Gray
arrows indicate which T cell subpopulations arevah the CD4/CD8 plots.

F344 BN DA LEW PVG
Spl IHLs Spl IHLs Spl IHLs Spl IHLs Spl IHLs

71.9 54.5 60.2 51.3 69.5 65.8 71.2 68.1 77.5 63.3

CDsp +3.9 +4,9%* +3.8 +6.4 +5.8 55 +7.4 +10.7 2.1 +1.3*

NKR-P1* cD4 11.1 135 12.1 15.0 17.5 12.6 115 12.3 8.4 16.4
TCR* 2.5 +3.6 +3.4 +3.2 6.7 +3.7 5.4 5.6 +3.0 +2.8
DN 14.8 30.7 26.4 33.0 10.7 20.3 15.1 17.7 12.0 18.7

+2.1 +6.9* +1.2 +5.0* +2.8 +3.0** 5.6 +5.6 +2.3 +2.5

CDsp 34.2 31.7 6.4 6.0 19.9 20.9 24.1 22.0 13.7 10.2

2.3 +1.7 +0.8 *1.5 +1.3 +3.7 +0.5 +1.2% 1.3 2.5

NKR-PT cD4 63.5 65.8 91.1 91.8 78.4 77.1 73.7 75.3 84.5 88.2
TCR* +2.0 +2.0 +0.6 +1.6 +1.2 4.1 +0.9 +1.2 +1.6 +2.5%
DN 1.3 1.8 1.8 1.7 1.3 1.7 1.7 2.0 1.3 1.0

+0.3 +0.5 +0.5 +0.5 +0.8 +0.6 +0.7 +1.0 +0.7 +0.5

Table 7. CD4 and CD8p distribution among NKR-P1 positive and negative T cells. Percentages of
CD4, CD8 or DN cells among NKR-PITCR" or NKR-P1 TCR' cells were obtained after analysis of
splenic (Spl) and intrahepatic (IHLs) lymphocytessiown in figure 37 by flow cytometry. Numbers
indicate the mean of three to five independent expnts +SD. Two-tailed paired t-test was conducted
to determine significant differences in the digitibn of the subpopulations in the spleen compévate
liver of each rat strain. P values *< 0.05 and *0.€05.

3.8.3 BV chain usage among NKR-P1" TCR” cells

Similar to mouse, rat INKT cells show a bias initlB/ gene segment usage, with 50%
of INKT cells being BV8S4 positive (Fig. 18). Withis in mind, expression of BV852
and BV8S4 (detected by the mAb R78 (Asmuss et al., 1996)digV16 (detected by
the mAb HIS42 (Kampinga et al., 1989)) gene segmwemais analyzed among NKR-P1

positive and negative T cells in the liver and #pdeen of the five studied rat inbred
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strains (Fig. 38 and table 8). Only in F344 IHLe tinequency of BV8S4™ cells is
increased in NKR-P1AT cells compared to NKR-PIA cells, being also the highest

frequency found among all the tissues and strains.

aB T cells BV8S4* T cells BV16* T cells

0.095)

Spl

IHLs

0.21

|
4 il

19gG2 HIS42

19G1

R73

1gG1

Figure 38. BV usage by NKR-P1 positive and negative F344 T cells. Lymphocytes from the spleen
(Spl) and liver (IHLs) were analyzed by flow cytamye All off T cells were detected with the mAb R73,
BV8S4" T cells were stained with the mAb R78 and BVI&cells were visualized with the mAb HIS42.
The antibodies recognizing various TCRs were uncat@dyand therefore were detected withM>
FITC. NKR-P1 was analyzed with the PE labeled mAl8&. Isotype control stainings were included to
determine unspecific binding of the antibodies. Mens in the dot plots indicate the percentage tddja
cells.

F344% BN' DA? LEW! PVG'
Spl IHLs Spl IHLs  Spl IHLs  Spl IHLs  Spl IHLs
R78" among 6.0 13.2 4.9 5.6 4.6 7.0 4.6 4.9 4.3 8.4
NKR-P1" TCR* +1.3 +2.8%* +0.6 2.2 +1.1%* #1.1 +0.5 +1.8 +0.7 +4.4
HIS42" among 8.0 6.6 6.4 7.5 7.4 8.2 7.0 7.9 10.5 11.7
NKR-P1" TCR* +0.6 3.7 +1,0%%* 425 +1.2 +0.9 +1.6* +1.5 +1.0* +1.5
R78" among 6.3 6.5 5.1 4.8 6.3 6.0 4.6 5.0 4.1 9.1
NKR-P1 TCR* +0.6 +0.5 +0.5 +1.4 +0.6 +1.2 +0.5 +0.3 +0.8 +2.0
H1S42" among 9.0 8.7 10.0 9.5 8.2 7.8 9.1 9.2 8.9 9.0
NKR-P1 TCR" +0.5 0.4 0.7 +1.4 +0.2 0.7 +0.4 £0.5 0.1 +0.6

Table 8. R78" and H1542" cells among NK R-P1 positive and negative T cells. The Terb haplotype of
each inbred rat strain is indicated in their naffike mAb R78 stains BV8S4 T@Rchains of the
haplotype a and BV8S2 T@Rhains of the haplotype | (Asmuss et al., 1996 MAb HIS42 detects
BV16-containing TCRR chains. Splenic and intrahepatic lymphocytes ffiwa different rat strains were
analyzed by flow cytometry as shown in figure 38 K844 rats. Numbers indicate the mean of the
percentages obtained from three to five independgpériments +SD. Specific staining was determined
after subtraction of the unspecific binding of tetibodies obtained with isotype control stainirags
illustrated in figure 38. Two-tailed paired t-tegas carried out to determine differences betweelRNK
PI' T cells and NKR-P1T cells for their BV usage in each organ and eabheihrat strain. P values: * <
0.05, ** < 0.005 and *** <0.0005

The majority of rat INKT cells are CD4 or DN (Fi§j9), whereas conventional T cells
express either CD4 or CB8Therefore, the frequencies of BV8 or BV16 positoells
were also compared between NKR-Ridnd NKR-P1CD4 or CD$ T cell subsets
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(Table 9). Often, the frequency of BV8 positivels@imong NKR-P1CD4 T cells was
higher than among NKR-PLTD4 T cells. However, this increase is not restdcto
subsets, tissues or strains were iNKT cells areea to be found.

Moreover, also an increase of BV8 positive cellsi@nd among NKR-P1CD83 T
cells compared to NKR-PTD83 T cells and the frequencies of T cells using tvdL&
gene segment, which is not expected to be preselMKT cells, were also higher in
NKR-P1" CDA4 T cells than in NKR-PICDA4 T cells.

F344? BN' DA? LEW!' PVG'
Spl IHLs Spl IHLs Spl IHLs Spl IHLs Spl IHLs
R78" among 4.9 6.0 3.1 2.0 3.3 3.4 35 2.6 3.6 3.2
NKR-P1* TCR'CD8B"  +0.9* £1.7* £0.3 £0.7 £0.7 +0.8 +0.6 +0.9% +0.3 +0.2*
R78" among 3.8 4.4 4.3 5.2 3.4 2.6 3.9 4.1 3.2 7.0
NKR-P1 TCR* CD8p* +0.2 +0.6 2.0 4.7 +0.6 +0.5 +0.3 +0.1 +0.7 +0.7
R78" among 14.1 27.6 13.7 19.1 8.4 23.7 11.4 19.5 11.2 15.2
NKR-P1*TCR" CD4" T #122% 2.7 132 +32 56 3.0 +112  #1.2% +7.2
R78+ among 7.4 7.5 4.9 4.6 7.1 6.9 4.8 5.1 4.1 8.5
NKR-P1 TCR* CD4" +0.8 +0.9 +0.4 +1.2 +1.2 +1.6 +0.5 +0.2 +0.7 2.1
HI1342" among 7.6 7.0 4.9 4.6 6.8 6.6 6.3 6.3 9.7 9.0
NKR-P1* TCR* CD8g* 0.9 2.7 +1.0* +1.7* £1.4 +1.4 +1.5 £1.6 £1.0 +0.8
H1S42" among 7.2 7.4 6.5 6.9 7.4 6.6 7.2 7.0 9.5 10.7
NKR-P1 TCR*CD8p* +0.6 +0.4 +0.8 +1.7 +0.3 +0.8 +0.4 +0.9 +0.7 +0.7
HIS42" among 13.4 14.0 13.6 225 11.6 17.7 13.0 15.7 16.1 21.1
NKR-P1* TCR* CD4" +1, 2% £7.7 +6.1 +12.1 +5.4 +5.0* +7.9 +4.6 +1.9% +9.2
H1$42" among 9.8 9.2 10.1 9.7 8.3 8.0 9.7 9.8 8.7 8.9
NKR-P1 TCR* CD4" +0.5 +0.6 +0.8 +1.3 +0.2 +1.0 £0.5 +0.9 £0.2 0.7
R78" among 5.5 21.5 4.5 3.7 4.8 8.5 4.2 6.3 3.5 6.9
NKR-P1" TCR* DN 2.3 +4.4 +1.0 2.4 +1.1 +5.0 +2.0 +5.4 +15 +3.9
HI1S$42" among 6.3 4.2 5.0 54 6.7 7.4 6.6 9.1 10.3 10.5
NKR-P1" TCR* DN +1.9 +4.4 +1.0 +1.1 2.6 +1.8 2.9 2.7 £1.8 +3.3

Table 9. Frequencies of R78" or HIS42" cells among the indicated T cell subsetsin the spleen (Spl)

or liver (IHLs). The Terb haplotype of each rat inbred strain is indicatedhigir name. The mAb R78
stain cells bearing BV8S# chains of the a haplotype and BV8®2hains of the | haplotype (Asmuss et
al., 1996). Splenic or intrahepatic lymphocytes evanalyzed by flow cytometry. Four-colour analysis
and two independent probes were needed to obtifiequencies of R7&r HIS4Z cells among each T
cell subset. In one probe, CD4 and @Ofstribution among NKR-P1 positive and negativeells was
determined as shown in Fig 37. In the other prate frequencies of R7&r HIS42 NKR-P1 positive
and negative T cells were calculated as illustratdiyure 38. Numbers shown are the means obtdimed
three to five independent experiments £SD. Variin the frequencies of R78 and His42 positivescell
between NKR-P1 positive and negative T cell subg@34 and CD8) were analyzed conducting the
two-tailed paired t-test. P values: *<0.05, **<050&nd ***<0.0005.

3.8.4 CD4 and CD8 distribution among BV8 or BV 16 expressing NKR-P1" T cells
CD4 and CD8 expression by the BV8 and BV16 positive T cell setb was also
studied (Table 10). In F344 rats, BV8S4 INKT cealtsistitute approximately 0.15%
all IHLs, while the percentage of BV8SMIKR-P1" T cells among total IHLs is 0.44%
+0.08 SD. In the spleen, only a 0.025% of all lymgytes are expected to be BV8S4
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iINKT cells, whereas a 0.22% +0.@%e BV8S4 NKR-P1' T cells. Having this in mind,

if changes in the CD4/CD8 distribution of BVESMKR-P1 T cells are due to the
presence of iNKT cells, those should be more etidedHLs than in splenocytes. In
line with this hypothesis, the percentage of BVBSIKR-P1" T cells isolated from
F344 livers which are DN is markedly increased carag to the percentage of DN
cells among BV1I6NKR-P1" T cells. In the spleen both CD4 and DN cells dightly
augmented (Table 10). Nonetheless, in all the daitrains, regardless of whether they
secreted cytokines in responsext@al ex vivo stimulation, also less CB&ositive, and
therefore more CD4 and/or DN, cells were found agniKR-PT T cells bearing BVS8
than among BV1BNKR-P1 T cells.

F344% BN DA? LEW!' PVG'
Spl  IHLs Spl  IHLs Spl IHLs Spl  IHLs Spl  IHLs
cpgpg 565 224 392 232 523 320 524 358 666 332

+7.9*% +6.8** +8.6 +8.7* +13.2 +6.7* +6.6* +3.1%* +6.5 +3.6**

R78 CcD4 25.9 26.3 33.2 52.0 30.6 41.5 31.0 43.1 21.3 38.1
NKR-P1* +8.0 +5.6 +7.6 +17.7 +10.5 +11.8 +9.0 +7.5%* +4,5%* +12.4
DN 14.5 49.5 24.3 23.8 11.1 22.7 12.8 18.3 9.1 21.1

+3.1 +6,9%+* +3.6% 9.1 +1.4 7.5 +4.7 +4.4 +1.9 +11.5
cDsp 65.3 55.8 47.6 324 63.6 52.7 64.7 54.4 72.1 50.8

+4.3 +12 +8.1 +10.9 +3.3 +8.2 +7.6 +8.7 +5.0 +1.1

His42" cD4 18.4 27.6 27.6 40.8 23.8 26.2 18.2 22.6 13.0 29.3
NKR-P1* +2.4 +8.6 +6.1 +10.4 +4.0 +8.7 6.0 +4.4 +5.4 7.1
DN 12.5 14.0 22.2 24.6 9.5 18.0 13.2 20.1 11.9 17.5

+1.6 +4.7 +2.3 +7.5 +3.2 +3.0 +2.1 +6.1 +2.4 +5.3

cDsp 20.8 21.3 5.2 6.3 10.6 9.1 20.3 17.6 10.6 8.4

+2,8x* +3.0% +1.0 +4.9 +1.0%%% 42,00 +0.7 +1.5 +1.2%* +1.7

R18 ., 746 755 85 885 8.6 875 763 771 852 889
NKR-P1 +3.0%* +3.5 +1.5% 5.7 +06*** +3.2%* +1.5* +0.9 +2.7 +0.4
DN 2.8 2.6 5.3 4.5 1.7 2.7 3.0 4.8 3.4 1.8

+0.2 +1.1 +0.9*% +1.0% +1.0 +1.5 +1.6* +2.4 +2.2 +0.8

cDsp 27.7 27.0 4.2 4.3 18.1 17.6 19.1 16.8 14.6 12.0

+2.9 +2.6 +0.6 +1.1 +1.6 +2.6 +0.9 +2.5 +1.2 +3.3

His42 cD4 69.3 69.9 91.7 935 80.1 79.0 78.9 79.6 82.6 85.9
NKR-P1 +2.4 +3.3 2.6 +1.6 +1.4 +1.5 +0.9 +3.4 +2.4 +3.3
DN 2.0 2.2 3.1 1.7 1.2 2.9 14 3.0 1.8 1.3

+0.9 +1.1 +1.3 +0.7 +0.5 +1.3 +0.6 +3.0 +1.1 +0.4

Table 10. CD4 and CD8p distribution in R78" or HIS42" NKR-P1 positive and negative T cells.
Splenic (Spl) and intrahepatic (IHLs) lymphocytesrevanalyzed by flow cytometry as shown in figure C
but with R78 (anti-BV8S4and anti- BV8S?2 or HIS42 (anti-BV16) unconjugated mAbs insteadRaB.
Shown are the means obtained in three to five iadéent experiments +SD. Changes in the CD4{£D8
distribution between BV8 and BV16 T cell subsets wamalyzed using the two-tailed paired t-test. P
values: *<0.05, **<0.005 and ***<0.0005.
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4 DISCUSSION

4.1 Further characterization of CD1d monoclonal antibodies

Previous knowledge about rat CD1d expression wasdan experiments using RT-
PCR, in situ hybridization or polyclonal antiseruout the analysis of rat CD1d protein
with specific monoclonal antibodies was still perglilchimiya et al., 1994; Kasai et
al., 1997). To this end, five hybridomas (232, 2384, 35 and 58) derived from CD4d
mice immunized with rat CD1d transductants had lgarerated which produced such
monoclonal antibodies (Pyz, 2004). These antiboliza® been characterized in greater
detail in this study.

The analysis of the variable regions of the IgG2avly and kappa light chains (when
possible) revealed that on the one hand, the 28238, and on the other hand, the 244
and 58 hybridomas secreted antibodies encodedebyaime rearranged Ig genes. Since
all hybridomas were generated in the same fusiath single cell cloning of the
hybridomas was carried out, it seems likely thasthwith the same rearranged Ig genes
arose from an expanded B-cell clone. Nonethelesscahdance from the same
hybridoma cannot formerly be ruled out.

Unfortunately, although the 232 and 233 antibodiesprised kappa light chains, as
demonstrated with the kit used to determine tlsgitype, no PCR product was obtained
for the light chain of these hybridomas with thevensal primers used to amplify the
kappa light chains of the other hybridomas. Thesedrd universal primers contained
a mixture of sequences of the FR1 regions of theKN5 gene segments most
commonly used in the mouse based on the Kabat-Wabadse book (Wang et al.,
2000). Nonetheless, it is still possible that ausege which anneals to the particular V
gene segment comprised in the 232 and 233 lighingha not present among the
degenerated primers, and that therefore, no PC#uptavas obtained.

As mentioned in the results section 1.1, in flooayetry experiments the mAbs 233
and 35 recognized mouse CD1d1l on transduced celteymocytes with the same
efficacy as rat CD1d while, the mAb 58 only shovwgerth cross-reactivity for mouse
CD1d-expressed by transduced cells but not for Cjdsitive primary mouse cells. In
accordance with their CD1d specificity, both 238 &» mADbs precipitated two chains
of molecular weight corresponding to the heavilycgkylated mature CD1d molecule

and the non-covalently bourgR-microglobulin, respectively, from primary rat and
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mouse thymocytes as well as from rat and mouse @2bhdduded Raji cells. mAb 58,
in line with the results obtained by flow cytometrgrecipitated rat CD1d from
transduced and primary cells but mouse CD1d1 aoiy transduced cells. The reduced
ratio of precipitated2-microglobulin to CD1d heavy chain found for 58qmared to
the other two mAbs, might reflect a preferentialding to a2m independent form of
CD1d. Suchf2m-independent forms have been previously describeshouse and
humans (Amano et al., 1998; Blumberg et al., 19im et al., 1999). However,
another possibility is that the interaction of & mAb with CD1d somehow displaces
the boundB2-microglobulin, resulting in the preferential pigtation of single CD1d
heavy chains.

The different reactivity of the 58 mAb dependingvdiich cell type expresses mouse
CD1d is not yet understood. In contrast to 233 2manAbs, the epitope recognized by
mADb 58 was disrupted under denaturating condititn®Vestern blot experiments,
indicating that this mAb is more sensitive to chesgn the tertiary structure of CD1d
than the other two mAbs. Thus, subtle differengeghie tertiary structure between
transduced and primary cells could be the caugbeoflistinct reactivity of mAb 58.
The binding of the 233 and 35 mAbs to CD1d in Westelot demonstrated the
localization of both epitopes to the heavy CD1dichBoth mAbs bound much more
efficiently to CD1d molecules which had been sefgatdy SDS-PAGE under non-
reducing compared to reducing conditions, probabflecting the importance of the
intramolecular disulfide bridges in the conservatod the epitopes. The slightly higher
mobility of the CD1d heavy chain separated by S2&P under non-reducing
compared to reducing conditions is probably a cgueece of the more compact
structure maintained by the intact intramoleculasulfide bridges. Both mAbs
recognized only mature forms of the CD1d molecusésce no bands were observed
where immature CD1d proteins are expected (assitbean shown for human CD1d at
37 or 30-35 kDa under reducing and non-reducinglitioms, respectively (Kim et al.,
1999)). To our knowledge this is the first demaaistn of IgG mAbs binding to mouse
or rat CD1d heavy chain in a Western blot.

Titration of the antibodies in flow cytometry expeents revealed that the avidity of
mADb 35 was 3- to 5-fold higher than that of 233 &mat both mAbs bound rat CD1d
and mouse CD1d1 to the same extent (data not shenerated by S. Schweigle and L.
Starick). This was in contrast to the results obesgrin Western blot (Fig. 2),

immunohistology (not shown) and sometimes also imopuecipitation where 233 was
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superior to 35 and where binding to rat CD1d wasenadficient than to mouse CD1d1.
These findings suggest that the 233 epitope is memistant to denaturation than the 35
epitope and also that denaturation affects morepitepes recognized in mouse CD1d1
than in rat CD1d. Nonetheless, it remains to bestigated, whether these differential
binding efficacies result from protein denaturatiand/or effects of detergents or
alcohols on CD1d-bound lipid-containing antigens.

Analysis of 233 and 35 mAD reactivities againstiaas CD1d transductants allowed a
partial mapping of the epitopes as discussed inr¢3elts section. The mAb 233 is
likely to bind to an area above tR2-microglobulin where the ends of thé anda2
helices meet, as demonstrated by the lack of bindirthe mCD1dD93A mutant. Thus
it was surprising that mCD1d2 staining by 233 wk® a&everely impaired, since the
aspartic acid at position 93 is conserved. This ifsthe 233 epitope in mCD1d2 could
be due to several unique substitutions but it isthvaoting that the positively charged
arginine at position 21 (indicated as blue sphémekig. 3), close to the negatively
charged aspartic acid 93, is substituted by a Ipftbbic isoleucine in mCD1d2. This
substitution may either directly induce a conforiorédl change of the aspartic acid at
position 93 thereby disrupting the 233 epitope ioedally affect the contact with the
antibody. The epitope recognized by the 35 mAb c¢audly be mapped to thel
domain and the first 26 amino acids of iz domain of mouse CD1d1 because it is
conserved in mouse-human CD1d chimeras but it $ i® human-mouse CD1d
chimeras. The binding of 35 mAb to the mouse/huctdmera was reduced compared
to complete mCD1d1 molecule but this reduction a&® observed with other mAbs
(233 and 1B1, Fig. 3). These findings together ik fact that EGFP levels are very
similar between the cell lines expressing these Cdriants suggest that the lower
binding of the 35 mAb to the m/h chimera is theute®f a reduced cell-surface
expression of the m/h chimera compared to the timtaalecule rather than from a
contribution to the 35 epitope of the non-conserxesidues of the mouse CD1d1 C-
terminal part. Nevertheless, the aspartic acid &3 lee excluded to be part of the 35
epitope since this mAb stained sCD1d- and mCD1d2>®8nsduced cells (Fig. 3).

233 and 35 binding to distinct non-overlapping @pés allowed the establishment of a
Sandwich ELISA which was routinely used to monitoncentrations of CD1d during
preparation and purification of recombinant CD1dlenales. Similar to Western blot
and immunohistochemistry analyses, the detectiomafise CD1d was less efficient

than the detection of rat CD1d in this Sandwich&A. The samples analyzed with this
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technigue contained CD1d molecules which were eieereted forms of CD1d (e.g.
CD21d-1gG dimers) or cell lysates where cell membshad been disrupted by the use
of detergents. The binding capacities of the adig®may differ depending on whether
the CD1d molecules have a soluble or a membraneebfmrm. Thus it is possible that
the recognition of mouse CD1d in such a solublenfby these mAbs is more affected

compared to rat CD1d.

4.2 CD1d in the hematopoietic system

The 233 and 35 mAb allowed not only the analysi€DbfLd protein expression in the
rat but also the direct comparison to mouse, whé€@ld expression in the
hematopoietic system has been largely studied gaxost al., 1997; Park et al., 1998;
Roark et al., 1998). Moreover, binding of both mAfos different epitopes further
validated results, e.g. determination of tissuerihistion, where a cross-reactivity of
both mAbs with an unknown tissue antigen would lostanlikely.

Among different inbred rat strains, CD1d expressienels at the cell surface of
splenocytes, thymocytes and PBMCs were nearly ahees demonstrating that the two
rat CD1d alleles identified in this study did nbbss different expression patterns at the
cell surface. Only among IHLs from DA and PVG, masls with elevated CD1d
levels appeared compared to the other inbred rainst It remains to be determined
whether this is due to an increase in the frequaricy particular cell type with high
CD21d levels.

CD1d expression at the cell surface of hematomoisils is also remarkably similar
between rat and mouse. The only notable differdoete/een these species was found
among CD4 and CD8 peripheral T cells. In the rathlsubsets express similar CD1d
levels whereas in the mouse, CD4 T cells expragsehiCD1d levels than CD8 T cells.
Nonetheless, the difference is rather small andyaiplogical role for CD1d on mature
T cells still has to be described.

The nearly identical expression among thymocytdserer CD1d selects INKT cells
(Wei et al., 2005) is of special interest becalsdr tlevel of CD1d considerably affect
NKT cell frequency and state of activation (Zimne¢ml., 2006). Since CD1d levels are
also practically the same between the rat and mwousther cells for which a role for
CD1d has been established in the mouse i. e. ABCslls and MZ B cells (Brigl and

Brenner, 2004), no qualitative differences are etguk between the CD1d-restricted
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iImmune responses of these two species. If in ceintlifferences appear, those should
not be intrinsic to variations in CD1d expressionh@matopoietic cells.

Apart from being used to identify MZ B cells in timeouse, CD1d serves also as a
marker to distinguish between other B cell subggligoguchi et al., 2002; Yanaba et
al., 2008). With 233 and 35 mAbs we can investigete whether these distinct B cell

populations are also present in the rat with tirees€D1d expression patterns.

4.3 CD1d in non-lymphatic tissues

Similar to previous studies using polyclonal antise, in situ hybridization and RT-
PCR in the rat (Ichimiya et al., 1994; Kasai ef #097), CD1d protein was also found
with the 233 and 35 mAbs in non-lymphatic organghes liver, heart, intestine and
pancreas. Here, in contrast to the hematopoietatesy, CD1d distribution varies
enormously between different cell types and in soases also between mice and rats.
CD1d present at the cell surface of any cell magpldy endogenous or exogenous
lipids. Endogenous lipids vary between differenliscas well as between different
activation states of the same cells, as shownxXamele by the production of charged
B-linked glycosphingolipids (which will activate iNKcells) by dendritic cells which
sense danger signals through TLR-9 (Paget et@0).7)2 Thus in a similar way, CD1d
present in non-hematopoietic cells may warn the umensystem of changes by
presenting certain lipids which activate CD1d-riestd T cells.

CD1d protein was detected in the serum of differieired rat strains by CD1d
Sandwich ELISA. To assure the specificity of thessasurements, further controls are
necessary, as for example the analysis of seru@Ddd knockout mice. Assuming that
the presence of CD1d in the serum is indeed spedifivould be interesting to learn
about its source and whether it is soluble and/@ ¢ontained in lipidic membranes of
vesicles such as exosomes.

The vast expression of CD1d in rat exocrine cellshie pancreas and small intestine
and its biological implications are intriguing, théore these tissues were also analyzed
in the mouse. Several studies addressing CD1d ssiprein the mouse small intestine
with different mAbs have not lead to a general emissis about its cellular distribution
(Brigl and Brenner, 2004). Terhorst and colleagietected CD1d protein expression in
epithelial cells such as enterocytes was with alght antibody (1H1); in contrast,
Kronenberg et al. found these cells to be negdtivethe staining with the rat anti-
mouse CD1d IgG mAb 1B1 (Bleicher et al., 1990; Beyset al., 1997). In spite of
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these opposite findings, a recent study by Blumlzerg colleagues has demonstrated
the importance of CD1d expression for gut functamce intestinal colonization with
pathogenic and non-pathogenic bacteria was inalease CD1d-deficient mice
compared to wild type mice (Nieuwenhuis et al., D00An essential cell type in
controlling intestinal homeostasis are Paneth cellsvhich CD1d mRNA has been
detected byin situ hybridization in mice and rats (Kasai et al., 199édcasse and
Martin, 1992). Localized at the bottom of the ceypff Lieberkihn, these specialized
cells control the microbiota content by secretimgiraicrobial peptides (defensins) to
the intestinal lumen. Interestingly, Blumberg amdleaagues also showed that in CD1d
knockout mice, compared to wild type, the morphgl@mnd content of the secretory
granules of the Paneth cells were altered, and magpertantly, that the degranulation
activity of these cells was defective (Nieuwentetigl., 2009).

Using the 233 and 35 mAbs we found that among iffereint types of epithelial cells
in the mouse none of our antibodies stained CDlehterocytes, although detection of
CD1d in other epithelial (e.g. enteroendocrines}edind non-epithelial (e.g. cells of the
lamina propria) cells was possible. Therefore hdre is any expression of CD1d by
mouse enterocytes its level must be very low. Ingrdly however, the mAbs served to
detect CD1d protein in mouse Paneth cells for itise time.

In contrast, in the rat ileum CD1d was broadly deté being expressed by most of the
different cell types including all intestinal epial cell types; among which, the
outstanding levels found in Paneth cells are reatdek As mentioned above, CD1d
expression in the rat ileum had previously beenresf®d using a polyclonal antiserum
andin situ hybridization (Ichimiya et al., 1994; Kasai et, &@l997). In this study high
levels of CD1d mRNA were found in Paneth cells &i vibut the polyclonal antiserum
failed to detect protein in this cell type.

The physiological function of CD1d in Paneth ceksnains unclear, but there are
several possible biological processes in whichighihbe involved. On the one hand,
since it also has been shown that degranulati®aogth cells could be triggeradvivo
after injection ofoa-Gal andin vitro after stimulation witha-Gal and iNKT cells
(Nieuwenhuis et al., 2009), it is tempting to spatithat CD1d on Paneth cells may
present activating antigens to CD1d-restricted TWscevhich in turn could trigger
directly or indirectly the degranulation and seiometof antimicrobial peptides to the

intestinal lumen by the antigen presenting Panells.c
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On the other hand, a T cell-independent functiol€bfld in the secretion process of
this specialized cell type appears also possibleo Dbservations support the latter
view: first, as mentioned before, CD1d-deficienh&th cells show an altered content
and morphology of their granules compared to wjidet cells (Nieuwenhuis et al.,
2009), indicating a contribution of CD1d to therf@tion of the exocrine granules of
Paneth cells, and second, CD1d was mainly detectadical granules (Fig. 1@) but
not in basolateral membranes where it would be raocessible to T cells. In addition,
it has been shown that cross-linking of human Cmtth mAbs induce intracellular
signals and provoke cytokine production (Colganakt 1999; Yue et al., 2005),
implying that clustering of CD1d molecules eithsr teactive TCRs or by other yet
unidentified molecules can result in intracelldanaling events.

The histological finding of an unexpected vast CDdxpression in rat pancreatic
exocrine acinar cells is not only supported by Westblot and ELISA analyses of
pancreatic extracts, but also by two independewtepmic analyses which also
identified CD1d in rat pancreatic exocrine granulésen et al., 2006; Rindler et al.,
2007). Surprisingly, such expression was not foimanouse pancreas. The slightly
lower apparent molecular weight of the rat panate@D1d compared to that from
extracts of spleen or thymus could indicate a ckffié processing during intracellular
maturation e.g. proteolytic cleavage of membrangndanaterial or the generation of a
truncated form. Since the staining observed in dbmar cells was localized to the
mature exocrine granules, it is tempting to spdeudout a soluble CD1d which might
be secreted into the intestinal lumen together wiitter pancreatic products. A potential
function of this soluble CD1d might be the samplfgmicrobial glycolipids in the
intestinal lumen - helped by the low pH of the deimdm - and the transport to various
cells of the intestine. Another option inspired g human CD1e, which is cleaved
resulting in a soluble form that facilitates glyipadl processing bya-mannosidase
(Angenieux et al., 2000; de la Salle et al., 208%) by other proteins secreted by the
pancreas (e.g. lipase) could be the participationniestinal lipid processing and
absorption. Since CD1d was also found in some amocells and in exocrine
granules of rat parotid glands (Steiniger, Monz@s&hova, Herrmann; data not
shown), this repeated localization of CD1d in sexke granules might indicate, as
mentioned before for Paneth cells, a role of CD1the exocytosis process of certain

cell types.
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A functional specialization of the different CDloierms is indicated by their

differential intracellular localization and specity in antigen-binding, or as in the case
of CDl1e, by the identification of functions distirfcom direct presentation of antigens
to TCRs. Interestingly, although a substantial afaitity has been found between
number and types of CD1 isoforms in different ckadé placental mammals, complete
CD1 deficiency has not been reported yet (Kasmat.e2009). This, not only supports
the idea that CD1 molecules fulfill essential bgtal functions, but also implies that
the function of CD1 isoforms may vary between sge@nd that to some extent CD1
isoforms could substitute each other. In muridael@€bs the only CD1 isoform.

Therefore, one may speculate a need for “multitagkof CD1d in these species. Such
a requirement may explain the — in comparison tmdms — less restricted intracellular

distribution and tissue expression (Brigl and Bem2004).

4.4 Rat CD1d as antigen presenting molecule

An a-Gal response of rat primary cells has previouglgrbshown in our laboratory by
E. Pyz and colleagues (Pyz et al., 2006). Here waee hdemonstrated the CD1d
dependence of such a response, since the 233 amdr3&clonal antibodies efficiently
inhibited cytokine release afterGal activation of rat and mouse primary cells. Séhe
results are consistent with mapping the 233 epitofke loop connecting thel anda2
domains of the CD1d at the side of the F' pocketause it is this side of the CD1d
molecule where in the three dimensional structihe, semi-invariant NKT TCR
contactx-Gal/CD1d complexes (Borg et al., 2007).

Now these mADbs provide also the tool to investigatévo CD1d-restricted responses
in the rat, what in contrast to the mouse, caneatidne using CD1d-deficient animals.
Furthermore, the antibodies enable the direct coisgra of CD1d responses in the rat
to the mouse and since they were generated in amieageally suited fan vivo studies

in this species as they will not provoke a resp@gsaenst xenogenic Ig.

4.5 CD4 expression by MZ B cells

A major surprise was the not yet described suhisla@D4 expression on rat MZ B
cells, which was shown to be specific using thrnéfer@nt monoclonal antibodies which
bind to two different domains of the CD4 molecwar{ den Berg et al., 2001). It is

retrospectively difficult to explain, why this obigation has not been reported before.
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The functional implications of this finding are Uear, but it is important to know that
any experimental setting addressing CD4, e.g. pletien studies with CD4 specific
antibodies in the rat, can be expected to affetbnty CD4 T cells and to some extent
antigen presenting cells but MZ B cells as welhc®irats and humans are more similar
to one another with respect to CD4, CD8 and MHExibression by immune cells than
rats and mice (Broeren et al., 1995; Crocker etl@87; Kenny et al., 2004), it may be
worthwhile to reinvestigate CD4 expression on huma@B cells as well.

4.6 Production of rat CD1d oligomers

As mentioned in the results section 3.4, differmproaches with different advantages,
were taken to produce rat CD1d oligomers. Fronthhee variants that were tested with
a semi-invariant TCR-transduced cell line, rat CBJd@ dimers showed the best
staining (Fig. 16). The weaker staining capacitytiodé rat 2m-CD1d-hFc dimers
compared to the rat CD1d-IgG dimers, apart frominsic differences of the protein
preparation andi-Gal loading efficiency (see Methods 2.2.3.10 arebuks 3.4.1.5),
could be explained by a reduced avidity of thisalewt molecule resulting form a
different orientation or less flexibility of the Ald molecules when they are bound to
the constant domain of the Fc portion comparedh#o variable domain of an intact
antibody. A different conformation of the CD1d mulée induced by the covalently
linked B2-microglobulin, although it can not be excludeggrss unlikely since covalent
linkage by glycine-serine polylinkers are commouoged to fuse protein subunits and
have been used for the optimization of productibhuonan CD1d tetramers (Li et al.,
2008).

In principle, CD1d tetramers would be advantagemtesy CD1d-IgG dimers in so far
that they should have a higher avidity for the semariant TCR and that they lack the
IgG molecule which can cause problems by Fc recepioding and the use of
secondary reagents when primary cells are staiNedetheless, the rat CD1d-IgG
dimers where highly superior to the rat CD1d staprs, since the latter gave a very
high unspecific staining which was independent frGf@R expression because
untransduced BW cells were also stained. Additignttiese CD1d streptamers showed
little differences betweeno-Gal- and B-Gal-loaded reagents. The most likely
explanation for the small differences betweeGal- andp-Gal-loaded streptamers is
the inefficient multimerization of the reagent. &pfTag/Strep-Tactin based

multimerization has been successfully used in tloelyction MHC class | oligomers
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(Knabel et al., 2002; Neudorfer et al., 2007), tmtour knowledge, this is the first
attempt with CD1d molecules. Antigen loading of @Din contrast to that of MHC-I
molecules, was carried out in the presence of DM@ TRITON X-100, thus it might
well be that solvents and detergents still pregenbhe multimerization mixture affect

the Strep-Tag/Strep-Tactin interactions.

4.7 Species specificity of a-Gal-CD1d recognition by mouse and rat iNKT
cells

Functional data generated in our laboratory wim$duced cell lines and primary
antigen presenting cells by E. Pyz et al. showeatl while mouse semi-invariant TCR
bearing cells responded éeGal-presented by rat CD1d almost to the same eateto
a-Gal-presented by mouse CD1d, rat semi-invarian® T€activity to mouse CD1d-
Gal was severely impaired compared to rat C48al (Pyz et al., 2006). This species
specificity of CD1de-Gal recognition by rat semi-invariant TCR was noanfirmed
by flow cytometry since the fluorescence intensifythese rat semi-invariant TCR
(AV14S6 + CDR2+4) transduced cells stained withorgBal-loaded CD1d-1gG dimers
was about 30-fold better than with mousé&>al-loaded CD1d-1gG dimers (Results
section 3.4.2). Moreover, this cell line was nairstd by human-Gal CD1d tetramers
at all.

Flow cytometry analysis of rat and mouse primatyainepatic lymphocytes with these
newly generated 1gG dimers showed the same speagesificity in CD1dd-Gal
recognition: on the one hand, most mouse primakTi$y stained with mouse-Gal-
loaded CD1d-IgG dimers, were also stained with@Btld-IgG a-Gal-loaded dimers;
on the other hand, among rat intrahepatic lymprescitte small but distinct population
detected with rat CD1d-Ig@-Gal-loaded dimers was not observed when mouse €D1d
IgG a-Gal-loaded dimers had been used (Fig. 17). Thesealts were confirmed by
staining in vitro expanded rat INKT cells. This species specifiaify a-Gal-CD1d
recognition by iINKT cells of rats and mice was upested since human CDbdGal-
loaded oligomers stain mouse iINKT cells and vicesaemouse CD1d-Gal-loaded
oligomers stain human iNKT cells (Benlagha et2000; Matsuda et al., 2000) and also
because the predicted amino acid sequences dieatjgnes (CD1d, AV14, AJ18 and
BV8) necessary for the generation of such CD1d4iotst T cells are highly conserved
between mice and rats (Fig. 39 and (Kinebuchi aradsiura, 2004; Matsuura et al.,

134



2000; Pyz et al.,, 2006). Nonetheless, apart froen GiDR2x region of the invariant
TCRo chain, which differs considerably but does nottabate to the recognition af-
Gal-CD1d with evident interactions (Borg et al.0Z0Pellicci et al., 2009), two amino
acids, one in CD1d and the other one in AJ18, whiehconserved between mouse and
human and which make energetically important irtoas and are not preserved in the
rat (Fig. 39, (Borg et al., 2007; Pellicci et &009)). Although these non-conserved
residues are only two, one single amino acid switstn in tree shrew CD1d compared
to human CD1d is enough to cause the loss of cezssivity between human semi-
invariant TCR and tree shrew CD1d (human CD1d d¢osta lysine (K) at position 86
where the tree shrew CD1d contains a glutaminer(@te al., 2009)). Therefore these
single substitutions in AJ18 or CD1d may be respmesor the described need of
syngeneic CD1d as presenting element in the rateMcecisely, on the one hand, the
human and mouse arginine (R) 103 present in the 3aD&bp (encoded by the AJ18
gene segment) is substituted by a lysine (K) in rdte R103 makes Van der Waal
interactions with R at position 79. In addition, timle mouse BV8S2 (but not BV7)
ternary complex, this R103 in thechain contacts the glutamic acid (E) at positiGn 8
of the mouse CD1d. On the other hand, in humanmnamuse CD1d a valine at position
147 and 150, respectively, is substituted by a moetime in the rat. This valine makes
Van der Waal interactions with serine (S) 97 anatilee (L) 99, which are present in all
three species (Fig. 39, (Borg et al., 2007; Pelétal., 2009)).

In F344 inbred rats approximately half of INKT seliear BV8S4ATCRs. The detection
of BV8S2 comprising TCRs using mADbs in this strgimot possible at the moment, but
it would be interesting to learn whether the othalf of INKT cells use BV8S2 TCRs
or TCR with other BV gene segments. Similarly, omlegnonstrated that the double
negative and CD4 positive rat intrahepatic lymphesystained with mouse CD1d-IgG
a-Gal dimers are indeed INKT cells, it would be viotb address the V-D-J gene
segments of their TQRchains to see whether there is any particular iniaghe BV
usage.

No evident interactions between CORand o-Gal-CD1d appeared in the crystal
structures (Borg et al., 2007; Pellicci et al., 20Mut they still play an important role as
it has been recently described for mouse and huntarst in mouse, certain CDR3
amino acid sequences allowed the usage of BV gegments which are rarely found
among the INKT cell pool and, second in humans, GidR33 region controlled the

affinity of the binding to CD1d independently oktpresented ligand (Mallevaey et al.,
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2009; Matulis et al., 2010). Thus it would be aisteresting to analyze the CDR3
regions and BV usage of mouse iNKT cells whichsaagned with rat CD1d-1g@-Gal-
loaded dimers to see whether there is any partitude.

The different usage of AV14 gene segments by iNKllsdn the rat is later discussed

in the discussion section 4.9.
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a CD1d: «1 domain
1 11 21 31 41 51 61 71 81 91
hCD1d AEVPQRLFPLRCLQ SSFANSSWIRTDGLAW. GEL QTHSWSNDSDTVRSL KPWSQGTFSDQOVWETLQHI FRVYRSSFTRDVKEFAKMLRLS
nCD1dl S.AQ KNYTF....M....R.S...SW...D....R.... A ISFT...... KLLN....K..MQ..V..... 1 Q LV. . MSPKED
rcDld S..Q-NYTF.......... R.S. ..SwW...D....R...... ISFT...... K.N...K..MQ..T..... I..1V..MSPKED
1 10 20 30 40 50 60 70 80 90

a2 domain
92 102 112 122 132 142 152 162 172 182
hCD1ld  YPLELQVSAGCEVHPGNASNNFFHVAFQGKDI LSFQGTSVEEPTQEAPLW/NLAI QVL NQDKWIRETVQALLNGTCPQFVSGLLESGKSELKKQ
nCcD1dl ..l1.l1.L..... MY. . ... ES.L....... YWR W...QIVPG .S.LD.P.K... AQGSA...M..D...L..R...A..DE.
rcbid ..l1.V.L..... MY. . ... ES.L...... EYWR H. .. .QKVP...S.LD.P.KM. A EG ..... l...D...... R...A .PDE..
93 103 113 123 133 143 153 163 173 183

b TCR«a chai n: CDRL CDR2 CDR3
10 20 30 40 50 60 70 80 90 95 98 103
hAV24/ AJ18 - NQVEQSPGSLI | LEGKNCTL QCNYTVSPESNL RWKQDTGRGPVSL Tl MTESENTKSNGRYTATL DADTKGSSLHI TASQL SDSASY! OW/ S/ DRGSTL GRL YFGRGTQ
MAV14S1A2/ AJ18 KT WRQE. .V..... ST.DWH..F.... K. L. ...VLVDOKDKT. . ... S... KAHT..... TLDT.T..... IN. ... A...H.A..
r AV14S6/ AJ18 N WH . ES. V. ... .. T N....... R.A .. .. VL. NK EKT.R ..S. ... .. AHT ... LDAT ... IN. A K. I..
1 11 21 31 a1 51 61 71 81 91 95 101

C TCRB chai n: CDR1 CDR2 HV4/ CDR4 CDR3
1 11 21 31 41 51 61 71 81 91 101
hBV11BDJ2 EADI YQTPRYLVI GTGKKI TLECSQTMGHDKMYWYQQDPGVEL HLI HYSYGVNSTEKGDL SSESTVSRI RTEHFPL TLESARPSHTSQYLCASS/ ENI GTAYEQYFGPGTR
nBV8S2 . AVT.S..NK.AV..GV..S.N..NNNN....R.T.HGR ...... AG..... I PDGYKA. . PSQ N.S.1..L.T..Q.V.F... G .GALGPT.. . -----
rBVBSA ... TK....... KN Moo N..... V.N..V...NK . F.T..S.S.......... S
FBVBS2 mmmemmmme V......... D....... Socr N
51 61 71 81 91

Figure 39. Amino acid sequences of human, mouse and rat CD1d, variable domains of invariant TCRa chains and various B chains. Alignments of mature amino acid
sequences necessary or relevant for the developafaKT cells. Dots represent same amino acid has first amino acid sequence. Numbers above anmvbtie
sequences correspond to mature human and rat edicino acid sequences, respectivalfPredicted amino acid sequences of human CD1d (GBW:001766), mouse
CD1d1 (GBN:X13170) and rat CD1d (AB029486) anda2 domains. Bold letters indicatehelical regionsb Predicted amino acid sequence of human AV24/AGEBN
protein: 2CDE_A, IGMT nomenclature TRAV11-TRAVJ18), mouse PAS1A2/AJ18 (GBN: DQ340292) IGMT nomenclature TRA¥A2 and TRAJ18) and rat
AV14S6°*7AJ18 (GBN: DQ340293). CDRs are indicated with utided letters. Numbers in bold and cursive arégassl as published for human and mouse invariant
TCRo amino acid sequences (Wun et al., 2008) althongmtmbering of the arginine 103 should be 101s finmbering has been conserved to allow a direopeadison
with the iTCRe-Gal-CD1d crystal structures published to date @Betr al., 2007; Pellicci et al., 200%9).Predicted amino acid sequence of human BV11 (GBitem:
2CDE_B), mouse BV8S2 (GBNDQ340294), rat BV8S4 (EMBL-Bank77995) and rat BV8S2 (EMBL-Bank: X98251.1) botbrfr the a haplotype (Asmuss et al., 1996).

CDRs are indicated with underlined letters.
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4.8 Distribution and phenotype of rat iNKT cells

In mice INKT cell frequencies are a stable phenetypder genetic control of at least
two different recessive loci (Esteban et al.,, 20B8&cha-Campos et al., 2006). In
humans, iNKT cells numbers vary noticeably amorféedént individuals but are also
under strict genetic control since they are appnately the same between identical
twins (Lee et al., 2002b). In this study we havalgred iNKT cell frequencies in two
different rat strains: F344 and LEW. In F344 r&t&T cells were clearly detectable
with a-Gal-loaded rat CD1d oligomers in the liver and $ipéeen. Similar to mice, the
frequencies of INKT cells found in the liver wergltmer than those in the spleen: 0.25
and 0.05% of total lymphocytes or 1.65 &htl6%amongof T cells in the liver and the
spleen, respectively. Nonetheless, these frequeaceemuch lower than in C57BL/6 or
BALB/c mice, where 30 and 20% of the liver lymphtas; respectively, are INKT cells
(Matsuda et al., 2000). Among F344 PBCs a verynamber of cells were stained with
a-Gal-loaded but not with3-Gal-loaded rat CD1d oligomers. Despite these low
numbers, the fact that the cells stained with Bt IgG a-Gal-loaded dimers were
mostly DN and CD4 positive supports the interpietatthat these cells are indeed
circulating iNKT cells. However, in order to exckithat the CD1d-1gG dimer positive
cells were not other T cells which serendipitoustyntained a TCR reactive toeGal-
CD1d complexes, these results should be confirméeiaat for spleen and PBCs first,
with further stainings in which more events are ume and second, with other
supporting methods as for example by sorting tamet! cells and analyzing the TER
chains by RT-PCR and sequencing.

In LEW rats, except in the liver, where very fewisavere stained by the-Gal-loaded
rat CD1d-IgG dimers, no iNKT cells were detectedhia spleen or in PBCs. Although
the cells stained with-Gal-loaded rat CD1d-IgG dimers in the liver werestty DN
and CD4 and did not appear wjthGal-loaded dimers, further analyses are requived t
confirm that these are indeed INKT cells.

In the thymus of both inbred rat strains, stainvith a-Gal- orp-Gal-loaded rat CD1d-
IgG dimers revealed no differences. Taken into id@mation that in the thymus of
C57BL/6 or BALB/c mice, the frequencies of INKT Ixlare low: 0.7 and 1.5%,
respectively (Matsuda et al., 2000) and that inater organs in the rat the frequencies
of INKT cells were 10 to 100 fold lower than in thmuse, it is well possible that INKT

cells are below the detection limit with the stagprotocol used in these analyses.
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Taken all together, the numbers of INKT cells olsedramong rats are strikingly lower
than those of mice. In fact, LEW rats can, in ppfe; be considered as an iNKT cell
deficient inbred rat strain. To find such low fregqeies among rats was in part
surprising because in all the “wild type” mousergtbstrains analyzed to date, no strain
has been reported yet in which liver INKT cells icbnot be stained with mouse CD1d
oligomers, although some strains such as 129 anaddi@ained very low INKT cell
numbers (Rymarchyk et al., 2008).

Interestingly, the frequencies of INKT cells in tlmat resemble much more the
frequencies observed in humans. In two indepenskeniies where human livers were
analyzed, the observed INKT cell numbers variednfr0.03 to 0.3% among total
intrahepatic lymphocytes in patients with end-stagel-induced liver cirrhosis
(Karadimitris et al., 2001) and were about 0.5% atif CD3" T cells in healthy
individuals (Kenna et al.,, 2003). In another studigere human thymocytes were
analyzed, the frequencies observed were much |dkaer those of mice: The mean
value for 30 individuals was 0.0016%. Importanitythis study a very high number of
thymocytes (30*10 had to be acquired to detect a reliable populaty flow
cytometry analyses. Moreover, this study also shbtiat the INKT cell frequencies
observed in the thymus have limited correlationhwite frequencies found in the
periphery (Berzins et al., 2005). Although thisiet surprising in humans because adult
individuals were analyzed and the only periphemaban” studied was the blood, this
phenomenon is also observed in mice maintained rurspecific pathogen-free
conditions (Matsuda et al., 2000) and therefdrepuld occur in the rat as well.

All the data obtained by flow cytometry witt-Gal-loaded CD1d-IgG dimers are
supported by RT-PCR and sequencing experimentsibedcin the results sections
3.5.2 and 3.6.2. Briefly, where a relative high fwemof INKT cells were observed (i.e.
F344 liver and spleen) the AJ18 gene segment waterpntially used among all the
AV14-containing TCR chains, AV14AJ18 rearrangements were easily dsdebly
RT-PCR and the AV14-AJ18 rearrangement junctionsisted of a stretch with three
nucleotidesencoding an alanine or a glycine. The predominaridke alanine codon
(GCx) in the junction region can be explained by germline nucleotides subsequent to
all BN AV14 coding sequences which are GCC. Thagmee of glycine codons (GGx)
can only be the result of the addition of N nuded since the adjacent nucleotides to
the coding region of the AJ18 gene segment aretlymines. In mice and humans the

predominant residue found in the junctional regafnnvarianto chains is also that
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encoded by the germline DNA: glycine (GGC) in moase serine (AGC) in humans
(Dellabona et al., 1994; Koseki et al., 1990). Asal of the influence of alanine and
glycine in the recognition af-Gal-CD1d by rat iTCRs is underway.

Interestingly, among F344 thymocytes AV14-AJ18 raagements were easily detected
by RT-PCR, but the size and the nucleotides ofr thaiction regions were highly
diverse, indicating that many thymocytes rearraAyd4 and AJ18 gene segments
together in F344, but probably only in a low prdpmr of these rearrangements the
junctional region is formed by three nucleotidesagting either alanine or glycine as
observed in the invariantchains of the periphery. These last results supgperack of
the identification of a distinguishable populatienth rat o-Gal-loaded CD1d-1gG
dimers in F344 thymocytes compared to splenocytesntahepatic lymphocytes.
Among LEW thymocytes, AV14-AJ18 rearranged T&C&hain transcripts were hardly
detected (Fig. 20). From three analyzed animal$; one successful sequence was
obtained which also contained different junctiogio@s. These results show that in
comparison to F344, in LEW rats the proportion lgfrhocytes which rearrange these
two particular gene segments is much lower. Regaarent of TCR gene segments
encoding the variable region occurs in an ordergnner: Proximal gene segments
rearrange first and those which are distal recaipeolonged lifespan of DP thymocytes
(Guo et al., 2002). AJ18 is encoded close to then® of the AJ loci and therefore is
distal to the AV14 gene segment. Thus, various mausdels which lack - or have
defective - factors that prolong thymocyte lifesganal sustained rearrangement such as
ROR+«t, BCL-X_ and c-Myb, have reduced iNKT cell numbers (Bezimacet al.,
2005; Egawa et al., 2005; Hu et al., 2010). ToNegel and colleagues showed that in
LEW rats, proximal AJ gene segments are also mefally rearranged with the
AV8S2 gene segment in comparison to distal AJ setgn@ orres-Nagel et al., 1997).
Moreover, direct comparison of the mouse and ratlokd by blasting the complete
genomic region encoding the mouse AJ loci withrdteBN genome showed an overall
conservation in the locations of the AJ gene segsnierthe rat (data not shown). Thus
since both F344 and LEW rats have almost identeadls of CD1d at the cell surface
of DP thymocytes and contain the genes (AV14-AX&rangements were found in
both strains) necessary to form the invar@ochain, it may be possible that the reduced
amounts of AV14-AJ18-containing TGRtranscripts in LEW thymocytes and also
INKT cells in the periphery are due to an decreassuhcity to rearrange distal gene

segments in comparison to F344 rats.
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As previously mentioned, the much lower iINKT ceddduencies found in rats compared
to mouse are close to the frequencies found in humong other reasons, this was
surprising since rat and mouse DP thymocytes egpres/ similar levels of CD1d at
the cell surface. Nonetheless, rat and human thytesdiffer remarkably from their
mouse counterparts least in one aspect: rat anarmtimymocytes express MHC class Il
molecules whereas mouse thymocytes do not (ourumpablished data and (Fukumoto
et al.,, 1982; Li et al., 2005)). This differencereamarkable because Li et al. have
recently shown that the expression of MHC-II molesun mouse thymocytes suppress
INKT cell development irtrans in a CD4-dependent manner (Li et al.,, 2009). More
importantly, in mice whose thymocytes expressed Mi#Ss 1l molecules, INKT cells
were not completely absent but their frequenciesewdramatically reduced. The
mechanism behind this phenomenon is not complaielyerstood but the authors
suggest that the reduction on INKT cell numberslatdae due an increased negative
selection resulting from an augment in the strergjtithe TCR signalling caused by
CD4 binding to MHC-II molecules. Another alterna&iwvhich also should be
considered for the unsuccessful detection of iINKTIscin the rat thymus is that rat
INKT cell development could take place in otheesites other than the thymus. Thus
it would be worth to analyze athymic nude rats adl \w&s thymectomized animals.
Nonetheless, unless iINKT cell biology in the rdfets very much from the mouse, this

alternative hypothesis seems highly improbable.

4.8.1 NKR-P1 expression

INKT cells own their name first, to the expressiminthe invariant AV14-AJ18 chain
(AV24-AJ18 human homologues) and second, to theesspn of NK1.1 (NKR-P1C)
in C57BL/6 mice (Godfrey et al., 2004). As mentidrie the introduction, since not all
INKT cells express NK1.1 (NKR-P1C) in mice or CD1@IKR-P1A) in humans and
not all the NK1.1/CD16T T cells are iNKT cells, in order to unambiguouilgntify
INKT cells, a-Gal-loaded CD1d oligomers are needed (Godfrey.ef@04; Gumperz
et al., 2002; Hammond et al., 2001; Matsuda et28lQ0). Moreover, recent reports
have shown that these receptors typical of NK aedlsd initially to identify iINKT cells
are members of the same family but their ortholbgyween mouse, rat and human is
not clear due, in part, to the very high degregalymorphism (Aust et al., 2009;
Carlyle et al., 2008). As mentioned in the intraitut, former attempts carried out to

identify rat INKT cells also relied in the co-expston of TCR/CD3 and two of these
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NKR-P1 receptors (A and B) detected by the mAbs33d 10/78 (Knudsen et al.,
1997; Li et al., 2003; Matsuura et al., 2000; Pyale 2006; Ru and Peijie, 200®yow,
the identification of rat iNKT cells using-Gal-loaded rat CD1d-IgG dimers in this
study demonstrated that the expression of NKR-REltainly not a suitable marker to
identify rat iNKT cells. Indeed the frequenciesNiR-P1" T cells in LEW rats, where
INKT cells were hardly detected if at all, do naffer from those of F344. These
findings beg the reinterpretation of studies whateTCR NKR-PI cells have been
regarded as iNKT cells (Chopra et al., 2009; Kattal., 2008; Shao et al., 2003). In
the spleen from F344 rats, iNKT cells are only 2%-of the NKR-P1T cells and in
the liver where these cells accumulate they docoostitute more than a 10% of the
NKR-P1' T cells. These frequencies are much more reducedmparison to C57BL/6
mice, where a 75% in the liver and thymus, and 8B0&6 in the spleen of all NK1"1
T cells are iINKTs (Matsuda et al., 2000). Frequesnmf INKT cells in humans are
difficult to investigate due to the limited accéagsshuman samples other than blood and
to the variations between individuals (Lee et 2002b). Nonetheless, the very low
numbers of iINKT cells (1%) found among CD16I cells in PBMCs and the low
frequencies of INKT cells (~0.5%) compared to thghhnumbers of CD161CD3'
cells in the liver (40%) suggest, that also in ttase, the frequencies observed in the rat
resemble more those of humans than those of mioenf@rz et al., 2002; Ishihara et
al., 1999; Kenna et al., 2003).

In mice and humans, NK1.1 and CD161 negative iNKIlscare easily detectable
among cells stained witlw-Gal-loaded CD1d oligomers (Benlagha et al.,, 2000;
Hammond et al., 2001; Lee et al., 2002b; Matsudal.e2000; Pellicci et al., 2002).
Mouse NK1.1 negative iNKT cells are found in thgrttus and in the periphery. NK1.1
negative NKT cells in the thymus are regarded amatnre iNKT cells which
nonetheless can secrete large amounts of cytokBaguet et al., 2008). These NK1.1
and NK1.1 iNKT cells can be further subdivided based on GRgression at the cell
surface. Interestingly, it has been shown as tlsebsets also differ in the cytokine
secretion and in the NK receptors expressed atdéfiesurface: NK1.1cells do not
express NKG2D, NKG2A/C/E or Ly49C/I whereas NK1cells do (Coquet et al.,
2008; McNab et al., 2007). In the rat, most, if abf INKT cells expressed NKR-P1 at
intermediate levels (Fig. 18). Thus, if a mature RNR1 negative INKT cell subset

exits, this is more reduced in comparison to miue lumans.
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In mice, cell surface NK1.1 is down modulated irKiNcells afterin vitro andin vivo
activation (Crowe et al., 2003; Chen et al., 198/Ison et al., 2003) but all rat INKT
cells harvested after seven days of culture with potent antigeru-Gal expressed
considerable amounts of NKR-P1 at the cell surfggg. 34). Accordingly, it seems
that rat INKT cells do not down modulate NKR-P leafactivation.

In order to avoid a misinterpretation of the reswithere the expression of NKR-P1
receptors was analyzed, it should be consideret thea receptors studied in each
species are different molecules. Indeed, no orth@mf the mouse NKR-P1C (NK1.1)
has been yet described in the rat (Kveberg e2@09). Therefore, the differences which
are observed between species might result fromatraysis of different NKR-P1

receptors.

4.8.2 CD4 and CD8 distribution

Based on the expression of CD4 at the cell surfagman iINKT cells can be divided
into CD4™ and CD4 cells. Most human CD4ells express CD# homodimers at the
cell surface, but only a small fraction express&84p heterodimers (Gadola et al.,
2002; Gumperz et al., 2002; Takahashi et al., 2082)ontrast, whereas also Chand
CD4 INKT cells are found in the mouse, the CDvction expresses neither CinB
nor CD&f at the cell surface. Due to the reduced iNKT nalinbers observed in mice
in which all T cells expressed CD8 molecules asaasgene, it was formerly believed
that expression of CD8 was incompatible with mod8€T cells due to CD8-mediated
negative selection of INKT cell precursors (Lantz 8endelac, 1994) until Kronenberg
and colleagues showed that the expression ofa[28 the cell surface does not drive
negative selection of INKT cells and is not inconipla with INKT cell development
and function. In contrast, the absence of CD8 etc#il surface of mouse iNKT cells is
probably the result of the expression of the Th-R@iKscription factor at the DP stage,
which is necessary for the development of INKT sednd which suppresses the
expression of CD8 (Engel et al., 2010).

In this study we also analyzed CD4 and @Disstribution among rat iNKT cells. Clo8
was not included in the analysis because rat detiva cells and NK cells express CD8
aa homodimers at the cell surface (Kenny et al., 200bst rat iINKT cells are DN or
CD4. Similar as it has been shown for mouse INKIIsc€D4 expression levels at the
cell surface of rat INKT cells are notably lowerdomparison to those off T cells

(Engel et al., 2010). Interestingly, in the rasmall proportion of CD@ positive cells
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was constantly detected. Thus once more, rat IN&IE @ppear more similar to human
than to mouse iINKT cells.

Expansion of iNKT cells by seven days culture witial considerably reduced the
proportion of CD4+ iNKT cells, whereas the percgetaf CD$ was more or less the
same. It remains to be investigated whether thdsiation in the frequencies of CD4
iINKT cells in the cultures is due to a selectivasloof CD4 cells or to a down
modulation of CD4 at the cell surface.

A lot of efforts have been made to distinguish et iNKT cell subsets with different
effector functions to better understand how thesks avith a semi-invariant TCR
manage to enhance and also to suppress immunensesp(Godfrey et al., 2010). In
humans, CD4iNKT cells secrete both, Thl and Th2, cytokinesmas CD4iNKT
cells mainly produce Thl cytokines (Gumperz et 2002; Lee et al., 2002b). In the
mouse, althouglkex vivo analyses have not shown such a clear division devwCD4
and CD4 iNKT cells, in anin vivo tumor model, transfer of liver CDANKT cells
mediated tumor rejection whereas their Céunterparts or iNKT cells from other
tissues did not (Crowe et al., 2003; Godfrey et2010). Moreover, in a recent study
where these cells were further subdivided basethemexpression of NK1.1 and tissue
origin and where other cytokines than IL-4 and H-Were measured, major differences
have been found between the different subsets @ogual., 2008). In this study
Godfrey and colleagues also identified a new NKCD4 iNKT cell subset which
produced large amounts of IL-17. IL-17 productignrbouse NK1.1iNKT cells had
been previously reported by Leite-de-Moreaes artkagues (Michel et al., 2008);
although in this case, in contrast to the subsstritged by Godfrey et al., the NK1.1
INKT cells did not secrete high amounts of IL-4IBN-y.

Although not addressed in our study, analysis tdldpe profiles by different rat INKT
cells might help to understand the diverse funstiof INKT cells and it also may
provide an animal model more similar to human tha mouse, beginning with the

possibility to analyze cytokine secretion by GD8KT cells.

4.8.3 BV usage

In humans and mice, INKT cells show a marked braghieir BV repertoire. As

previously mentioned, most human iNKT cells cont8¥11 p chains, and among
mouse INKT cells the TCRchains are principally formed by BV8S2, BV7 or BV2
comprisingP chains (Dellabona et al., 1994; Lantz and Benddlé@4). The analysis of
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F344 INKT primary cells with the mAb R78, which this strain binds to BV8S4
variable segments (Asmuss et al., 1996), revedlat @bout one-half of INKT cells
contained this particular BV. Supporting these datmong culture-expanded iNKT
cells, about 50% of the cells were also stainetl e R78 mAD.

The BV repertoire of the other half of rat INKT Isestill has to be analyzed in order to
elucidate whether the rat INKT cells which do neeBV8S4, use another member of
the BV8 family, all BV8 members or other BVs tha®v/@® Nonethelessin vitro
experiments carried out by E. Pyz et al. demoreiréttat BV8S2-containing invariant
TCRs also recognize-Gal presented by CD1d, although less efficiertignt invariant
TCRs with af chain containing BV8S4 (with a L14V substitutigidyz et al., 2006).
These results indicate that BV8S2 may form the oest part of the non-BV8S4 semi-
invariant TCRs. In addition, it is likely that BViddbntainingp chains do not form
semi-invariant rat TCRs because this BV was naatetl in cultured iNKT cells.

As shown by the crystal structures and mutagerasidyses, the CDR2of BVS'
TCRs contributes to the recognition @fGal presented by CD1d (Borg et al., 2007;
Mallevaey et al., 2009; Pellicci et al., 2009; Ryzl., 2006; Scott-Browne et al., 2007;
Wun et al., 2008). Particularly, as demonstratedbyyz et al. (Pyz et al., 2006), the
CDRZB of BV8S4 is sufficient to enhance the reactivityotGal-CD1d of a cell line
expressing an AV14$dnvarianto chain. Since rats have many different AV14 gene
segments, it would be interesting to learn whetherBV repertoire changes depending
on which AV14 gene segment is comprised in therawha chain. Different AV14
usage by rat INKT cells is discussed in more dataihe discussion section 4.9.
Furthermore, it would be also very interesting t@algze the BV repertoire of iNKT
cells in inbred rat strains which lack a functiom/8S4 (Asmuss et al., 1996), but

showed a response deGal such as BN rats (Results section 3.7.1).

4.8.4 Activation markers

After first antigen encounter, MHC-restrictedd T cells clonally expand and

differentiate for several days before they canitetiweir effector functions. In sharp

contrast, INKT cells after first antigen encourdee activated very rapidly and secrete
large amounts of cytokines within hours. MoreovRKT cells have a phenotype that
resembles activated or memory T cells. Mouse iNKdllscexpress cell surface

molecules such of CD25, CD44, CD69 and CD122 (Misset al., 2000; Park et al.,

2000), and although most human INKT cells in theigberal blood do not express
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CD69 or CD44, the majority of them are CD25 and 6R@ positive (Berzins et al.,
2005; Gumperz et al., 2002). In contrast in therlfhuman INKT cells expressed CD69
but only a minority were CD25 positive (Kenna et a003).

In addition, a considerable part of the INKT poldcaexpresses other receptors typical
of NK cells (apart from NKRP family members) suck @D94 or NKG2 family
members or, in the mouse, Ly49 (Gumperz et al.2200drich et al., 2005). Analysis
of these activation markers and receptors typi€aladural killer cells is still pending
for rat INKT cells.

4.9 AV 14 gene segment usage in therat

The intriguing expansion of the AV14 gene segmeiiserved in the rat has not been
described for any other mammal species in which A¥118 rearrangements have
been detected (Kashiwase et al., 2003; Sim et28D3; Yasuda et al., 2009). As
previously mentioned, the predicted amino acid eaqgas of all rat AV14 gene
segments described up to date are highly simildh wie exception of the CDR2
region. According to the different sequences of @i@Rzx region, rat AV14 gene
segments have been divided into two types ((Kineband Matsuura, 2004; Matsuura
et al., 2000; Pyz et al., 2006) and this studyleristingly, in the mouse two different
genes differing exclusively in the CDR2egion have also been found (Koseki et al.,
1991). Nonetheless, most of the commonly used thbreuse strains have only one of
these two genes and probably therefore have beesidewed as alleles (Sim et al.,
2003).

In contrast to the mode of recognition of peptidet®complexes, the CDR2of semi-
invariant TCRs does not contribute with importarteractions to the recognition af
Gal-CD1d complexes (Borg et al., 2007; Godfrey let 2008; Pellicci et al., 2009).
Consequently, single substitutions of the residofethis region by alanines did not
affect the interaction of the semi-invariant TCRhWCD1d tetramers loaded withGal

or with other lipidic antigens (Mallevaey et alQ@®; Scott-Browne et al., 2007). On the
one hand, the variability in the CDRZegion may reflect the lack of a selecting
pressure in this region to maintain the semi-iraratriTCR-CD1d interaction. In line
with these findings, the two mouse AV14 allelesvedd only minor differences in the
binding kinetics tax-Gal-CD1d complexes (Sim et al., 2003). Nonethelesshe other
hand, it is also possible that the variability lné {CDR 2 reflects the opposite situation:

146



The need of this region to recognize a wider spettof antigens of lipidic and/or
protein origin.

We neither have studied the binding capacitieshef different rat AV14s ta-Gal-
CD1d oligomers, nor have we analyzed the AV14 ttejrerof rat primary cells stained
with rat a-Gal-loaded CD1d dimers yet. Nonetheless, amongTiNEKlls expanded in
culture with a-Gal both AV14 types were observed after RT-PCR alnckct
sequencing, predicting that both AV14 types carnig@pate in the recognition af-Gal
presented by CD1d. Moreover, both types of AV14seaped with similar frequencies
among AV14-AJ18 rearrangements of primary matuAgmphocytes. However, the
BN genome contains only two type Il versus sev@etyAV14 gene segments and to
date only one type Il but four type | AV14 genersegts have been cloned from F344
rats (Fig. 22 and results section 3.6). Thus, imlar frequencies of both AV14 types
in the periphery — of F344 rats — may indeed reftee preferential usage of type Il
AV14s by iNKT cells. It would be worthwhile to aiyak the usage of these diverse
AV14 gene segments as well as the variable re@btise f chains which fornu-Gal-
CD1d-reactive TCRs in primary single cells, as thil provide information necessary
to understand the basis of this variability in tae Moreover, in humans-Gal-CD1d-
reactive T cells with other AV and AJ gene segmémas AV24 and AJ18 have been
described (Gadola et al.,, 2002; Gadola et al., @)0therefore it also would be
interesting to investigate whether such cells dse present among ratGal-CD1d-
reactive T cells.

In the first study where multiple AV14 genes weoeirid in the rat, a tissue-specific
distribution of the two different types was alsoposed (Matsuura et al., 2000). After
the analysis of several hundreds of clones podiech three F344 rats, a preferential
usage of type Il AV14 gene segments was observaah@rmvariant TCR chains in
the spleen and a bias in the usage of type | AVCRS was detected in the thymus. In
contrast, in the liver type Il AV14 gene segmentyavmore frequently found among
invariant TCR: chains and in the bone marrow, a similar proporob AV14 of either
type was found to be rearranged with AJ18 (Matswdral., 2000). Although we also
analyzed some cloned AV14-containing TéCRhains from F344 rats, in order to
address the AV14 usage of invariant and any AVldtaiaing TCR in thymus, spleen
and liver of F344 and LEW rats, we directly seqweht¢he pool of AV14-AJ18
rearrangements and AV14-comprising TCBhains after amplification by RT-PCR.

After having analyzed three animals of each inlstedin, in F344 we did not found a
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tissue-specific usage of these two different AV§ges among AV14-containing or
invariant TCRs, except in the thymus. Nonetheledsen the animals were analyzed
individually, occasionally one AV14 type was moreduently found than the other.
Therefore, the results obtained by Matsuura anttaglies do not disagree with our
data.

In LEW rats, as previously pointed out (Results tisec 3.5.2), AV14-J18
rearrangements were hardly detectable and as &aquesce, analysis of AV14 gene
segment usage was only possible among non-invaidttio. chains. Interestingly, in
contrast to F344 rats, where both AV14 types weteated with similar frequencies, in
LEW, type | AV14 gene segments were preferentiaigd. Although the sequences of
individual AV14 gene segments have not been detexthyet in LEW rats, Southern
blot analysis showed a pattern similar to that df Ets (Matsuura et al., 2000), and
despite at low frequencies, type Il AV14 segmengsenalso detected in LEW-derived
RT-PCR sequences. Assuming, as discussed abovesatdwards type II AV14
segments among iNKT cells, the reduced usage e&f llyAV14 in LEW rats might be
related to the low/absent INKT cell frequencieshiis inbred strain.

In this study only six cloned AV14-containing T@Rhains from F344 rats were
analyzed (Results section 3.6.1). Nonetheless anttoegge, a previously unidentified
AV14 gene segment was detected. This AV14 gene segwas designed as AV14S5
since the V-exon is identical to AV14S5 of BN rafs.premature stop codon was
encoded in the cloned T@GRchain containing this novel AV14 gene. Since ti&R&
chain does not undergo allelic exclusion, it isqgle that this AV14Sh chain was
isolated from a T cell expressing another functidr@Ro chain. Since no AV14$5r
AV14S8 gene segments have been yet found to be rearramigeddJ18 in single
TCRo chains, it remains to be demonstrated whetheretlv® segments can form

invarianta chains in F344 rats.

4.10 a-Gal responsivenessin therat

In this study, INKT cell activation of five diffen¢ inbred rat strains was analyzed by
measuring cytokine release aftex vivo a-Gal stimulation of primary cells. We
measured the secretion of IL-4 and IFWito the supernatant after 24-hour stimulation
by ELISA and of IL-4 by ELISPOT. Anti-CD1d mAbs weiadded to the cultures to
demonstrate the CD1d restriction of such respoNsarly all isolated primary cells

used in the stimulations express CD1d at the aelase (Fig. 6) thus no supplementary
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antigen presenting cells were included in the ceiuDespite that internalization and
lysosomal processing is not necessarydf@al presentation (Prigozy et al., 2001), it
should be considered that some differences in ttiekine production between rat
inbred strains and/or tissues may result from viana in the number and efficiency of
cells presenting-Gal. Often, especially in intrahepatic lymphocyte#tures, very high
amounts of IFNy were released into the supernatants even in esltuhere only
culture media was added. In contrast, IL-4 relagae only observed when cells were
stimulated witha-Gal or ConA (with the exception of PVG IHLs). Thgpes and
numbers of cells which secret IL-4 within a few h®after activation are much more
reduced compared to the cells which are able tee=tFNy. Indeed, NK cells which
were very abundant among the cultured cells (50%)5respond very fast to IFN-
released by iNKT cells by secreting more IFNCarnaud et al., 1999). In contrast,
illustrating the more restricted sources of IL-BetiL-4 levels reached after-Gal
stimulation were very similar to those reached raff®nA stimulation. Thus IL-4
secretion reflects better than IRNhe presence of INKT cells.

Among the inbred rat strains studied, a clear dlmendent CD1d-restricted response
to a-Gal was only observed among F344 and BN ratsnmwith the homing of INKT
cells to the liver (Bendelac et al., 2007) amorgséhinbred rat strains the amounts of
cytokines released by IHLs were higher than by remigtes. In contrast, ne-Gal-
dependent cytokine release was measured in PVG:LEWdderived cultures. This lack
of a-Gal-dependent cytokine secretion is in line with failure of INKT cell expansion
in LEW IHLs cultures witha-Gal (Results section 3.7.4). The absenceo-bal
responsiveness in PVG rats was surprising becaug@-ML" T cell clones which
expressed BV8S2, were either DN or CD#hd secreted various cytokines had been
isolated from PVG spleens (Knudsen et al., 198ifdiguingly, ELISA results indicated
that DA splenocytes and IHLs also contained celliciv secrete IL-4 aften-Gal
stimulation in a dose-dependent and CD1d-restriovathner but ELISPOT analyses
showed an unspecific IL-4 production. These diffiéreutcomes may be explained by
the differences between these two methodologiesEILISPOT analyses the IL-4
secreted is continuously “captured” through theh2dss of the culture whereas ELISA
detect only the IL-4 contained in the supernatdandree specific time point, which in
this case was after 24-hours of incubation.

Thymocytes derived from any of the studied inbratdstrains did not produced IL-4 in

response te-Gal stimulation. In part this was not surprisirechuse we were not able
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to visualize thymic iNKT cells witlu-Gal-loaded CD1d-1gG dimers in F344 rats. After
ConA stimulation some IL-4 production was observednetheless it remains to be
demonstrated whether it is released by INKT cétfgortantly, it has been shown as
Gal presented by dendritic cells is not the beshugatory agent to induce cytokine
production by thymic iNKT cells in the mouse (Cotje¢ al., 2008). Therefore, and
since ConA may also not be sufficient to activad&T cells present in the thymus,
cytokine secretion by rat thymocytes should be vestigated with stimulation
protocols similar to those used in mice e.g. amBCand anti-CD28 stimulation
(Coquet et al., 2008).

INKT cell frequencies using rat CD1d-IgG dimers westudied in only two of these
five inbred rat strains: F344 and LEW (a more dethidiscussion about iNKT cell
frequencies can be found in the discussion seaiBh These analyses demonstrated
that the numbers of INKT cells correlate very weith the observedi-Gal response.
The analysis of the other inbred rat strains i$ génding but it will surely help to
clarify unresolved questions such as the resukemed in DA cultures.

As previously pointed out, INKT cell frequencieg® amder genetic control (Esteban et
al., 2003; Lee et al., 2002b; Rocha-Campos eR@0D6). Based on the-Gal response
pattern of these five inbred rat strains, at le@astcan say that in the rat iINKT cell
frequencies neither correlate witlera nor with Terb haplotypes. Moreover, the CD1d
allelism described in this study most likely does affect iINKT cell numbers since BN
rats responded t@-Gal and CD1d protein levels at the cell surfac¢éhgimocytes were
the same regardless of the CD1d-allelic form.

The analysis of the F1 generation of F344 and LEBW indicated a co-dominant effect
of the genes controlling iNKT cell frequencies. @&s with congenic NOD mice were
crucial to determine the role SLAM proteins in thevelopment of INKT cells (Jordan
et al., 2007). Hence, further analysis of F344/LHM® generations and congenic
animals selected for elevated iNKT cell numbers meseal other genes important for
INKT cell biology.

INKT cell frequencies andi-Gal response do not only correlate among the etudi
inbred rat strains but also between mice and k¢sice, cytokine release by mouse
primary cells after-Gal stimulation was much more elevated that cytekielease by
F344 rats. In the mouse, a role for iNKT cells antrolling autoimmune diseases and
infection has been reported. Nonetheless, deperafinipe experimental model, iINKT

cells can exert opposite functions (Godfrey andnierdberg, 2004). For example, they
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can control, aggravate or have no effect in expemta autoimmune encephalomyelitis
(EAE) conducted in mice (Furlan et al., 2003; Jaénhgl., 2001; Miyamoto et al., 2001,
Pal et al., 2001; Singh et al., 2001). Among thiered rat strains studied here, the
strains which are commonly used in organ speciftoimmune disease models seem to
have no or very few INKT cells (LEW, PVG and DA tontrast, F344 rats, which
showed the most elevated response-@al and where relatively high numbers of iINKT
cells were detected, is a strain resistant to tigigtion of EAE (Sun et al., 1999).
Nonetheless, this is a mere correlation betwe&al responsiveness (in LEW and F344
rats also INKT cell numbers) and autoimmune diseaselels established in these
strains. Obviously, adequate experiments shouldadoged out to investigate whether
rat INKT cells play a role in such situations. Birnd colleagues found thaiGal had
no therapeutic effect in virus-inducible modelsTgpe 1 diabetes carried out in BBDR
and LEW.1WRL1 rats (Chopra et al.,, 2009). The autremtdressed IL-4 and IFN-
cytokine release after 48 and 72 hours-@al ex vivo stimulation only in splenoctytes,
but they neither analyzed whether the observedorssp was CD1d-restricted nor
stained iNKT cells appropriately (Chopra et al.02p Thus the presence of INKT cells
in these strains should be investigated in ordenterpret the failure oéi-Gal to alter
the diabetes outcome in these experiments.

Several similarities between rat and human iNKTscehich are not conserved in the
mouse have been previously pointed out (Discussemtion 4.8). In a similar way rat
INKT cells derived from F344 intrahepatic lymphaoeytcould be easily expanded after
7 days in culture where ontyGal, but not additional cytokines, was added sindls it
has been described with human PBMC cultures. Irrast) the expansion of mouse
INKT cells in vitro is complicated and needs various cytokines apam fihe addition
of antigen presenting cells (Watarai et al., 200®)erefore, the culture and expansion
of rat INKT cells is not only very important forghanalysis of rat iINKT cell-specific
features (as previously discussed) but also offersanimal model very similar to
humans. Thus these cultures provide the possitititimulate therapies in the rat
which are currently being investigated such asube ofin vitro expanded human

INKT cells to treat various types of cancer (Kugtiial., 2009).

411 NKR-P1' T cells

In this study we have demonstrated that in theh@tmajority of NKR-P1 T cells are
not stained by-Gal-loaded rat CD1d oligomers. Indeed, in LEW rateere iNKT cells
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were hardly detected if at all, the numbers of NRE-T cells observed in the spleen
and in the liver were very similar to those of F34& (Fig. 35 and 36).

The expression of NKR-P1 receptors by narGal-CD1d-reactive T cells has
extensively been reported in human and mice (Ggdital., 2004). These cells can be:
1) CD1d-restricted T cells bearing T@Rchains with gene segments different than
AV14 (AV24 in humans) and AJ18 which recognize ghyud antigens other tha-
Gal (type Il NKT cells) ii) a distinct T cell subsavith a different invariant TCR
restricted to another MHC-I like molecule: MR1 (Kashi et al., 2006), and iii) also
“conventional” MHC-restricted cells (lwabuchi et.,all998; Legendre et al., 1999;
Slifka et al., 2000). Thus it will be interestirnglearn which is the restriction element or
elements of the T cells expressing NKR-P1 in themaich are not reactive te-Gal
presented by CD1d. Among all the inbred rat stramalyzed in this study we observed
very similar frequencies of NKR-P1-expressing Ti<al the spleen and the liver, with
the only exception of DA where the percentage ofRNRT T cells expressing was
reduced.

The expression of CD4 and CD8 coreceptors by NKRIP¢ells differed form that of
NKR-PI T cells; in all the inbred rat strains the majpof these cells expressed D8
even in BN inbred rats, where most of the NKR-FPlcells are CD4 positive cells.
Moreover the proportion of DN cells among NKR:PT cells was also higher
compared to NKR-P1T cells. This different phenotype may reflect atidict T cell
lineage.

BV8 and BV16 usage by these NKR-P1 positive anchtieg T cell subsets was also
addressed. Only small differences in the usagkesfe BV segments between the NKR-
PI" and NKR-P1 T cells in the spleen and in the liver of all tiddred rat strains
analyzed, except in the liver of F344 NKR-P1A cells where, as discussed in the
results section 3.8.3, the frequency of BVB8J4cells was increased. These results are
in agreement with previous reports where thesescalso have been analyzed
(Badovinac et al., 1998; Brissette-Storkus et1#894; Knudsen et al., 1997; Matsuura
et al., 2000; Pyz et al., 2006). Nonetheless, dpam this phenotypic characterization
and from some additionah vitro analyses where a cytolytic activity was only observ
after IL-2-mediated activation (Brissette-Storkisak, 1994), little is know about the
functions of these celis vivo. Evidence for a role of rat NKR-PT cells in promoting
allograft acceptance has been provided in onlystndy by Kiyomoto and colleagues.

In this study, liver irradiated allografts survivéar a longer period when they were
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reconstituted with total or Ig-depleted donor spleeells than when they were
reconstituted with NKR-P1 or TCR-depleted spledis¢&iyomoto et al., 2005). Other
studies, without taking into account the misintetation of NKR-P1 T cells being
regarded as iNKT cells, have shown variations ofRNRT T cell frequencies under
different pathological conditions (Altomonte et, &@009; Iwakoshi et al., 1999; Kattan
et al., 2008; Shao et al., 2003). Nonetheless, nbtigese studies directly demonstrated
the implication of these cells in the differenthp@Elbgical conditions. Thus in order to
elucidate the functions and origin of these callshfer analysis are required, beginning

with the identification of the restriction elemédnt elements) of these cells.
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a-Gal
APC
APCy
B2m
B-Gal
BSA
BSS
CD
cDNA
CDR
ConA
Ct
CTECs
DaM-PE
DaM-FITC
ddNTP
DMSO
DN
DNA
dNTP
DP
EAE
FACS
FCS
FITC
FSC
GBN
HRP
IFN

g
IHLs

Antibody

a-Galactosylceramide

Antigen presenting cell
Allophycocyanin

B2-microglobulin
B-Galactosylceramide

Bovine serum albumin

Balanced salt solution

Cluster of differentiation
Complementary DNA
Complementary determining region
Concanavalin A

Cycle threshold

Cortical thymic epithelial cells

PE labeled donkey anti-mouse IgG F(afsggment
FITC labeled donkey anti-mouse IgG F(aliragment
Dideoxynucleotide

Dimethyl sulfoxide

Double negative

Deoxyribonucleic acid
Deoxynucleotide

Double positive

Experimental autoimmune encephalomyelitis
Fluorescence activated cell scan
Fetal calf serum

Fluorescein Isothiocyanate
Forward scatter

GenBank accession number
Horseradish peroxidase

Interferon

Immunoglobulin

Intrahepatic lymphocytes
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kDa Kilo dalton

M Molar

mAb Monoclonal antibody

MFI Mean fluorescence intensity
MHC Major histocompatibility complex
min Minutes

MRNA Messenger RNA

NK cell Natural killer cell

PBCs Peripheral blood cells

PBS Phosphate buffered saline
PBMCs Peripheral blood mononuclear cells
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PE Phycoerythrin

rcf Relative centrifugal force

RNA Ribonucleic acid

rpm Revolutions per minute

RT Reverse transcriptase

SA Streptavidin

SAP SLAM adaptor protein

SD Standard deviation

SLAM Signaling lymphocytic activation molecules
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