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The Complementarity Determining Region 2 of BV8S2 (VB8.2)
Contributes to Antigen Recognition by Rat Invariant NKT Cell
TCR'

Elwira Pyz,>* Olga Naidenko," Sachiko Miyake,* Takashi Yamamura,* Ingolf Berberich,*

Susanna Cardell,”® Mitchell Kronenberg,” and Thomas Herrmann**

Invariant NKT cells (iNKT cells) are characterized by a semi-invariant TCR comprising an invariant a-chain paired with B-chains
with limited BV gene usage which are specific for complexes of CD1d and glycolipid Ags like a-galactosylceramide («-GalCer).
iNKT cells can be visualized with a-GalCer-loaded CDI1d tetramers, and the binding of mouse CD1d tetramers to mouse a‘sv well
as fo human iNKT cells suggests a high degree of conservation in recognition of glycolipid Ags between species. Surprisingly,
mouse CD1d tetramers failed to stain a discrete cell population among IF344/Crl rat liver lymphocytes, although comprised INKT
cells are indicated by 1L-4 and IFN-v secretion after «-GalCer stimulation. The arising hypothesis that rat iNKT TCR recognizes
«-GalCer only if presented by syngeneic CD1d was then tested with the help of newly generated rat and mouse iNKT TCR-
transduced cell lines. Cells expressing mouse iINKT TCR reacted to «-GalCer presented by rat or mouse CD1d and efficiently
bound a-GalCer-loaded mouse CD1d tetramers. In contrast, cells expressing rat iNKT TCR responded only to a-GalCer pre-
sented by syngeneic CD1d and bound mouse CD1d tetramers only poorly or not at all. Finally, CD1d-dependent a-GalCer
reactivity and binding of mouse CD1d tetramers was tested for cells expressing iNKT TCR comprising cither rat or mouse AV14
(Vald) a-chains and wild-type or mutated BV8S2 (Vf8.2) B-chains. The results confirmed the need of syngeneic CD1d as
restriction element for rat iNKT TCR and identified the CDR2 of BV8S2 as an essential site for ligand recognition by iNKT

TCR. The Journal of Immunology, 2006, 176: 7447-7455.

he hallmark of invariant NKT cells (iNKT cells)® is the

expression of 1 TCR with characteristic invariant a-chain

rearrungement and limited BV (V) usage which recog-
nizes glycolipids like «-gulactosylceramide (x-GalCer) in a CD1d-
restricted manner (1). Mouse iINKT TCR a-chains reurrange the
varjable gene 14 (AV14) and joining gene 18 (AJ18). which pair
with S-chains of high CDR3 variability comprising BV8S2 und to
lesser extent to BV7 or BV2 (2-4). The human iNKT TCR is
composed of AV11/AII8 (homolog of mouse AVI14) a-chains
paired with BV11 thomolog of mouse BV8) B-chuins (2. ). In the
rat, homologous «-chain rearrangements have also been found (6).
A contribution of iINKT cells in the control of tumors, infections,
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and autoimmune diseases (reviewed in Refs. 7-9) has been dem-

‘onstrated in many mouse models und by clinical observations in

humuns.

INKT TCR ligands are endogenous or microbial glycolipids thut
are presented by the nonpolymorphic MHC class I-like molecule
CDI1d. Crystal structures of complexes of CDId and glycolipid
Ags have been reported very recently (10-12). Natural ligands are
isoglobotrihexosylcerumide (13) und a-anomers of various glyco-
sphingolipids. which have been isolated from w,-proteobacteria
(14, 15). Other ligands activate only small subpopulutions of INKT
cells. Their features are reviewed in Ref. 16. Still the most thor-
oughly characterized Ag of iNKT cells is the a-unomer of galuc-
tosyleeramide («-GulCer). which was originally isolated from a
marine sponge. Essentinlly all iNKT cells respond to «-GalCer.
and they can be visualized with a-GulCer-loaded CD1d oligomers
(reviewed in Ref. 17). Of speciul importance to our study is the
observation that «-GulCer-loaded mouse CD1d oligomers bind 10
human iNKT cells (18-20) und humuan CDId tetramers stain
mouse iINKT cells. Thus. it appears that ligand recognition is
highly conserved throughout evolution (21).

The rat also expresses genes for CDId (22, 23) and the AV 14,
A8 (6). and BVES2 (24 gene segments. which are highly similar
to those of the mouse (>80% sequence similarity of the translated
products). Peculiar to the rat is the existence of a multimember
AV14 gene family and the organ-specific preferences of cerlain
AVI14A118 reurrangements. Within the BN/SsNHsd genome. 10
AVI4 genes have been identified (25). and analysis of F344/Cr]
rearrangements identified five AV 14 family members. which hased
on CDR2 sequence similarity, have been divided into the type 1
and type 2 genes. Rewrungements of type | genes (AV74S],
AV1452, AV1454 (a pseudogence): und AVI4SS, described in this
paper) have been reported 1o be predominant within intrahepatic
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Jymphocytes (THL). whereas rearrungements of the type 1l gene
AV]14S3 are more frequently found in spleen. bone murrow fym-
phocytes. and thymocytes (6. 25). In all cases, either u G or un A
have been found at position 93, located at the VI junction (6).
which is similar to the mouse, where mostly a G but also rarely A,
V. or I are found in this region (2, 26). »

Despite this informution on the genetics, knowledge of the phe-
notype. function. and Ag recognition by rat iNKT TCR-bearing
cells is rather limited. The comparison of NKR-P]A-positive rat T
lymphocytes (6) with mouse NKT cells has elucidated some dif-
ferences in terms of phenotype and functions. First of all, NKR-
P1A (rat homolog of mouse NKI1.1)-positive T cells found in
spleen and liver (6. 27. 28) were of CD8«p phenotype und showed
no preferential BV usuge. This is in stark contrust to the mouse. in
which most of the NKI.1-positive T cells, and nearly all iNKT
cells, are CD4™ or CD47CD8™. Secondly. NKR-P1A-positive ral
T cells produce IFN-v but not 1L.-4 upon in vitro CD3 stimulation
(28). Thus, it appears that these cells are not the equivalent of
mouse INKT cells.

Nevertheless, there is also evidence that lavors the existence of
typical iNKT cells in the rat. Matsuura et al. (6) showed that co-
culture of F344/Crl IHL with CD1d-trunsduced hepatocytes leads
10 the accumulation of cells with AV 14 trunscripts, and they iden-
tified AV14A118 rearrangements in a NKR-P1A"" subset of in-
trahepatic T Iymphocytes of LEC rats (29). Additionally. another
group has reported the generation of CD4™ or CD4” CD8™ NKR-
PIA™ T cell clones from PVG rats that home to the liver und
produce Thl and Th2 cytokines (30). However. 1o our knowledge.
«@-GalCer reactivity of rat T lymphocytes or binding of «~-GulCer-
Joaded CD1d oligomers have not been described yet. Both groups
reported staining of the presumed rat iNKT cells by the BVE-
specific mAb R78 (6. 301, which depending on the Terd huplotype
binds to different rut homolags of mouse BV8S52. In F344/Cr] rats
(Terb® haplotype), R78 reacts with BV8S4 (BV8S4A2) but not
with BV8S2 (BV8S2A2). whereas in PVG rats { Terd’ haplotype)
BV8S4 (BV8S4A1) ix not functiona) und R78 Ab stins positively
BV8S2 (BV8S2A1) (24. 3]).

This paper describex our attempts 1o churacterize F344/Crl rat
iNKT cells. their phenotype. and their «-GulCer reuctivity. Al-
though like mouse NKT cells. the lymphocytes isolated from
F344/Cr] rat liver secreted cytokines upon «-GalCer in vitro stim-
ulation. they could not bind a-GulCer-loaded mousc CD1d tetram-
ers tmouse CDTd tetramers). To test the species specificity of rec-
ognition of ¢-GalCer-CD1d complexes. mouse and rat iNKT TCR
were cloned. and a panel of cell lines expressing mouse and rat,
wild-type or mutated iINKT TCR were generated. The AV14”
lines were tested for rat vs mouse CD1d-restricted a-GaiCer rec-
ognition and for binding of mouse CDI1d tetrumers. The results
confirmed the hypothetical species specificity of CDId-dependent
a-GalCer recognition by rat iNKT cells and allowed. for the first
time. definition of the important role of the CDR2S as 1 germline-
encoded TCR region for this recognition.

Materials and Methods

Animals

CS7BL/6 mice and LEW/Cr rats were hred in the animal facilities of the
Institute for Virology and Jmmunology. University of Wirzburg, Wiirz-
burg. Germany. F334/Crl ras were obtained from Charles River Wiga. All
animals were maintained under specific pathogen-frec conditions and were
used a1 6-10 wh of age.

Cell preparation and culiure
Mouse and rat 1HL were isolated using discontinuous Percoll (Pharmacia

Biotech) gradients (406/70% or 40%/80% ) ax described in Ref. 32. In both
cases, fliver was perfused with complete medium tvia the ponal vein) until

Ag RECOGNITION BY RAT iNKT TCR

it became opayue. Then the organ was homogenized by passing through a
metal mesh, and cells were washed with medium. Cells were resuspended
in 30% isotonic Percoll solution and underduid with 70 or 80% isolonic
Percoll solution. After 25 min of centrifugation at 900 X g at room tem-
perature. mononuclear cells were isolated from the interface. Remaining
ervthrocytes were removed from the cell pellet by Iysis with TAC bufer
{Tris-ammonium chloride. 20 mM Tris (pH 7.2). 0.82% NH,Cl. Thymo-
cytes were isolated by passing the organ through a metal sieve followed by
washing with complete medium. Primary cells and cell lines were cultured
at 37°C with 5% CO, and H;O-saturated atmosphere. Almost all cell types
were cultured in RPMI 1640 tInvitrogen Life Technologies) supplemented
with 5 or 10% FCS. 100 mM sodium pyruvate. 0.05% (w/v) glutamine. 10
mM nonessential amino acids. and 100 1M 2-ME (Invivogen Life Tech-
nologies). DMEM with the sume supplements was used for transfection of
203T cells. conducted to produce retroviruses for gene transfer.

Cloning and expression of rar and mouse iNKT TCR

Rat AVI4S8 a-chain was directly cloned from F344/Crl THL cDNA.
whereas the rat AV14S1 c-chain construct was generated using molecular
biology methods. For the F344/Cr1 AVI4SY w-chain. RNA was isolated
from cytoplasmic extracts of --10° IHL following the protocol of the
RNeasy MiniKit {Qiagen). The cDNA was synthesized according to the
manufacturer’s RT-PCR protocol supplied with a First Strand ¢cDNA Syn-
thesis Kit (MBI Fennentas). PCR was performed with HotStar DNA poly-
merase (Qiagen). using AVId-specitic primers: (MWG-Biotech).rVal4/
1.2.3-Fow (5'-TTT GGG GCT AGG CTT CTG-3'). RCwvend-STOP-Rev
(5'-TCA ACT GGA CCA CAG CCT TAG CG-3'). PCR products were
cloned into TOPO cloning vector (Topo pCR2.I-TOPO-TOPO TA Clon-
ing Kit: Invitrogen Life Technologies) and sequenced using an AB) se-
guencer. Subsequently, rat AVI4SS a-chain DNA was ligated into EcoR]
sites of pezCGZ3 1IEGZ retroviral vector.

An AV 48] a-chain with a V domain amino acid sequence described by
Matsuura ot al. 16) was generated using molecular biology methods. F334/
Crl genomic DNA was amplified by PCR with rVa J4EcoRI-Fow (5°-GGG
CTA GAA TTC TGC AGA AAA ACC ATG GGG AAG C-3') and
rimValdRev 15-CAC CAC ACA GAT GTA GGT GGC AG-3') primers.,
This DNA was digested with EcoR) and Esp enzynes and gel purified. The
resulting fragment. which encoded the leader and the first 72 aa of mature
¥ region peptide. was coligated with a Esp/-F344/Crl ¢cDNA-BamB| frag-
ment {encoding the JC terminus of another liver-derived «-chain) into the
EcoRYBamH] sites of pc2CGZS 1EGN vector. and the insent was se-
quenced. The generation of the rat BV8S2 -chain and its mutants has been
described elsewhere 1331,

A mouse 1ype I NKT cell TCR was cloned by RT-PCR from mouse
KT 12 hybridoma (34) using w-chain imVal4-EcoRI-Fow: 5'-GGG GAA
TTC AAC CAT GAA AAA GCG CC-3": and mCwi4-EcoR)-Rev: 5°-CCC
GAA TTC CTC AAC TGG ACC ACA GCC-3') and -chain tmV&8.2-
BamHI: 5°-CGG GAT CCT GAG ATG GGC TCC AGG CTC TTC-2":
and mCpend-BamH): 5'-GGG GGA TCCTCA GGAATT TYTTTTCTT
GAC C-3"pspecific primers. Mouse AVISSTA2 a-chain DNA was ligated
into the EcoRl site of pezCGZS IEGN (containing genes for neomycin
resistance and enhanced green fluorescence prolein). and mouse 13VES2
F~chain DNA was ligated ino BamH|I sites of pezCGZS IEGZ (containing
genes for zeozin resistance and enhanced green fluorescence protein) ret-
roviral vectors (35).

Rat TCR a-chains (AV 4S8 and AV 1451 ) as well as mouse AVI4SA2-
TCR r-chain were expressed together with C57BL/6 mouse or rat BVSS2
TCR p-chains in BWS58/mCD28 cells using a transient three-plasmid ex-
pression system. BWr/mCD28 cells are BWSS TCR™ mouse hybridoma
transduced with chimeric rat/mouse CD28 molecule (36). These ¢ells are
especially suitable for the analysis of Ag presentation by CDRO-positive
APC (33). Eapression of transduced «-chains was estimated {rom the green
fluorescence of the reporter gene. Cell surface expression of transduced
TCR wax analyzed by staining with anti-mouse CD3 mAb. When neces-
sary to obtain similar levels of TCR expression. cell lines were sored using
a FACSVamage (BD Biosciences) machine or by coculture in selection
medium containing 1 mg/ml neomycin tnvirogen Life Technologies) or
250 pg/ml zeozin (CAYLA). allernatively.

Cloning and expression of rat and mouse CD1d

PROrCDS0 cells were transduced with mouse or rat CD1d. PSOrCDS0 cells
are P8O cells (PS15 mouse mustoevtoma transduced with rat CDSO: Ref.
37) which. 10 increase rat CD80 expression. were additionally infected with
pezCGZSIZ or pezCGZSIEGZ, retroviral vectors expressing genes for rut
CD80 and zeozin resistance. These have heen genersted by RT-PCR {rom
the CHY0-containing BCMGSC vector (37) and subseyuently cloned into
the EcoR] sites of both retroviral vectors. PSOrCDRO cells transduced with





