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Summary

We previously showed that H-2K¢-restricted cytotoxic T lymphocyte (CTL) clones specific for
a single nonapeptide derived from the Plasmodium berghei circumsporozoite (PbCS) protein displayed
T cell receptors (TCRs) of highly diverse primary structure. We have now analyzed the TCR
repertoire of CTLs that recognize a peptide derived from the human class I major histocompatibility
complex (MHC) molecule HLA-Cw3 in association with the same murine class I MHC molecule
H-2K4. We first sequenced the TCR o and 3 genes of the CTL clone Cw3/1.1 and, based on
this genomic analysis, the TCR « and 8 cDNA junctional regions of 23 independent H-2K¢-
restricted CTL clones specific for HLA-Cw3. The results show that the TCR chains display
very limited heterogeneity, both in terms of Ve, Ja, V3, and JB segments, and in terms of
length and sequence of the CDR3 o and 8 loops. The TCR repertoire used in vivo was then
analyzed by harvesting CTL populations from the peritoneal cavity of immune mice. The peritoneal
exudate lymphocytes (PELs) displayed HLA-Cw3~specific cytolytic activity in the absence of
any stimulation in vitro. Remarkably, most of these freshly isolated PELs expressed TCRs that
shared the same structural features as those from HLA-Cw3-reactive CTL clones. Thus, our
results show that a peptide from HLA-Cw3 presented by H-2K¢ selects CTLs that bear TCRs
of very limited diversity in vivo. When taken together with the high diversity of the TCRs
specific for the PbCS peptide, these findings suggest that natural tolerance to self peptides presented
by class I MHC molecules may substantially reduce the size of the TCR repertoire of CTLs
specific for antigenic peptides homologous to self.

lass I MHC molecules carry peptides derived from in-
tracellular antigens to the cell surface (1), where the mo-
lecular complex is recognized by CTLs (2). The specificity
of CTL recognition is assumed by the /8 TCR (3). Both
o and (3 chains contain a constant (C) and a variable (V) ex-
tracellular domain. The V domain diversity results from the
somatic recombination of a number of V, (D), and J gene
segments, imprecise joining, and addition of template-in-
dependent N nucleotides (4). This extensive receptor diver-
sity allows peripheral T cells to respond to a wide variety
of antigenic challenges.
We previously showed that the TCRs carried by a large
series of H-2K%-restricted CTL clones specific for a single
Plasmodium berghei circumsporozoite (PbCS)! nonapeptide

1 Abbreviations used in this paper: PbCS, Plasmodium berghei circumsporo-
zoite; PEL, peritoneal exudate lymphocyte.

were highly diverse, both in terms of Vo, Ja, and J8 seg-
ments, and in terms of amino acid composition of the junc-
tional regions, despite a V3 segment dominance (5).

We have now analyzed the TCR repertoire of H-2K¢-re-
stricted CTLs specific for P815 (H-2) cells transfected with
the HLA-Cw3 gene (6). The optimal synthetic peptide rec-
ognized by these CTLs corresponds to the 10-mer HLA-Cw?3
170-179 (7, 8), and shows significant homology with self
peptides derived from the same region of the class I H-2¢
molecules.

We found that the TCRs carried by H-2Kd-restricted
CTLs specific for HLA-Cw3 display very limited heteroge-
neity not only in vitro, but also in vivo. Taken together with
the high diversity of the TCRs specific for the PbCS peptide,
our findings suggest that tolerance to self peptides may re-
duce the available TCR repertoire of CTLs specific for anti-
genic peptides homologous to self.
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Materials and Methods

CTL Clones. The origin of the HLA-Cw3-reactive CTL clones
used in this study is summarized in Table 1. The cells were main-
tained in culture as described in the references.

Peritoneal Exudate Lymphocytes (PELs). DBA/2 (H-2¢%) mice
were injected intraperitoneally with 2.5 x 107 unirradiated P815
cells transfected with the HLA-Cw3 gene (6). A second injection
with 107 cells was performed 5 wk later. Control C57BL/6 (H-2")
mice were injected with the same number of untransfected P815
cells. 6 d after the second injection, cells were harvested from the
peritoneal cavity and PELs were purified by passage over a column
of nylon wool (9). Aliquots of the recovered PELs were directly
tested for specific cytolytic activity (6) or were stained for analysis
by flow cytometry.

Cell Surface Labeling with mAbs. Staining was performed with
B21.5 mAb (anti-V310) supernatant (10) revealed by a goat anti-rat
Ig FITC conjugate (Caltag Laboratories, San Francisco, CA), fol-
lowed by biotinylated CD8 mAb 53-6.7 revealed by a tricolor avidin
conjugate (Caltag Laboratories). The samples were passed on a
FACScan® flow cytometer (Becton Dickinson & Co., Sunnyvale,
CA). Dead cells and debris were excluded by live gating on for-
ward scatter (FSC) and SSC. Gated CD8" cells were then ana-
lyzed for expression of V[310.

Genomic Clones and Southern Blot Analyses.  The Cw3/1.1T cell
genomic library was constructed from Sau3A partially digested
DNA using the A-bacteriophage vector EMBL 3 (11). Screening
and analysis of recombinant clones, as well as Southern blot anal-
yses, were performed as previously described (12, 13).

¢DNA-PCR and Direct Sequencing. RNA extraction, cDNA syn-
thesis, and PCR with Ve, VB, Cer, and Cf8 primers were carried
out on CTL clones or freshly isolated PELs as previously described
(5). Direct sequencing of the double-stranded linear DNA product
with Sequenase (US Biochemical, Cleveland, OH) and o-*S-dATP
was carried out as originally described (14) with minor modifica-
tions (15).

Results

To analyze the TCR repertoire of H-2K4-testricted CTLs
specific for HLA-Cw3 within region 170-179, we first de-
termined the sequence of the TCR « and 8 genes displayed
by the CTL clone Cw3/1.1. Based on these results, we se-
quenced the TCR o and 3 cDNA junctional regions of 23
independent CTL clones of similar specificity. Finally, we
analyzed the TCRs expressed by PELs freshly isolated from
immunized mice.

TCR « and B Gene Rearrangements in CTL Clone Cw3/1.1.
Genomic clones corresponding to the B gene rearrangements
observed by Southern blot analyses were isolated from the
Cw3/1.1 library, using probes J31 and J32 (13), and sequenced.
One productive rearrangement involved the V310 (4, 16) and
JB1.2 gene segments (17) (Fig. 1) and resulted in 1.3-kb RNA
transcripts (data not shown). The DS segment usage could
not be unambiguously ascertained. The second VD] rear-
rangement, out of the proper translational reading frame, in-
volved the VB33, D@1, and JB2.1 gene segments (data not
shown).

The structure of the TCR o gene rearrangements was ana-
lyzed by Southern blots using a panel of 17 single-copy probes
encompassing the totality of the Jor gene segments and most
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Figure 1.  Sequence of the productive TCR £ gene rearrangement found
in CTL clone Cw3/1.1. The predicted amino acid sequence is shown above
the nucleotide sequence. (Horizontal arrows) Boundaries between regions.
{N) Probable N-region sequences. RNA splicing sites are underlined. This
sequence is available from EMBL/GenBank/DDBJ under accession number
X66896.

of the D§-J8-C6 cluster (12). Genomic clones, hybridizing
to probes 10 and 11, were isolated, characterized by restric-
tion map analysis (Fig. 2), and sequenced (Fig. 3). The produc-
tive rearrangement, Cw3/1.1A, involved a member of the
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Figure 2. Structure of the two TCR. « gene rearrangements in CTL
clone Cw3/1.1. Partial restriction maps of the two alleles (Cw3/1.14 and
Cw3/1.1 B) are compared with the corresponding region of the unrear-
ranged TCR « gene locus. (Open boxes) Exons encoding Jo gene seg-
ments and Vo and Cor genes. The positions of previously identified Jor
gene segments ate indicated according to references 12, 30, and 31. (Ver-
tical arrow) Location of the Jor K1 gene segment (see text). (1) Horizontal
solid arrows) 5' to 3' orientation. (Vertical lines) Positions of the relevant
BamHI (B) restriction sites. (Solid boxes) Position of the Jor single copy
probes Pr 10 and Pr 11 (12).
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Figure 3. Sequence of the TCR « gene rearrangements in CTL clone
Cw3/1.1. (A) Sequence of the productive rearrangement Cw3/1.1 A. The
predicted amino acid sequence encoded by the exons is shown above the
nucleotide sequence. (Horizontal arrows) Boundaries between regions. (L)
Leader. The 5’ boundary of the Joo pHDS58 segment was determined by
the analysis of the corresponding germline sequence (20). The putative
3’ boundary of Va8.p71 is deduced from the analysis of TCR. @ cDNAs
involving Vo segments related to the Var8.P71 sequences (18, 32). (N)
Probable N-region nucleotides. RNA splicing donor and acceptor sites
are underlined. (B) Partial nucleotide sequence of the nonproductive reat-
rangement Cw3/1.1 B. Two amino acid sequences are indicated for the
JaK1 nucleotide sequence. (Top) Amino acid sequence corresponds to that
resulting from the nonproductive V-] joining observed in Cw3/1.1 cells.
{Bottom) Amino acid sequence corresponds to that expected from a produc-
tive rearrangement. (*) Premature termination codon observed in the
Cw3/1.1 B rearrangement. These sequences are available from EMBL/Gen-
Bank/DDBJ under accession number X66896.
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Va8 subfamily, whose coding region was 100% identical at
the nucleotide level to the BALB/c Varp71 gene segment (18),
and the JapHDS58 gene segment (19, 20). It resulted in 1.5-kb
RNA transcripts (data not shown). Rearrangement Cw3/1.1
B, out of proper translational frame, involved a member of
the Va5 subfamily with a coding region 100% identical at
the nucleotide level to the VMDA gene segment (18), re-
ferred to as Vo 5.3 gene segment (4, 18, 21), and the JaK1
segment (5), which we have positioned within the Ja cluster
Fig. 2).

( ’ICR)-ﬂ ¢DNA Junctional Regions of HL A-Cw3-specific CTL
Clones. A series of 45 H-2K4-restricted CTL clones specific
for HLA-Cw3 was submitted to cDNA-PCR with a sense
V310 primer in conjunction with an antisense C8 primer.
All clones were found to be positive, and the sequencing of
the PCR products allowed the unambiguous identification
of at least 23 independent CTL clones, based on differences
either of TCR 8 gene sequence or of animal of origin (Fig.
4 and Table 1).

The 23 TCR f chains displayed remarkably conserved fea-
tures (Fig. 5). All chains expressed the V310 segment. Out
of 12 possible JB segments, only 5 JB segments were found.
The JB1.2 segment was expressed by a majority of the clones
(12/23) and three segments, namely J81.2, J32.3, and J51.4,
constituted nearly all chains (20/23). All 23 TCR 8 chain
junctional regions displayed the same CDR3 length, as defined
by Chothia et al., (22), of six amino acids. A glycine residue,
non V, non J-encoded, was strictly conserved in all chains
at position 97. Subgroups of CTL clones bearing identical
TCR S chain amino acid sequences were found. In addition,
many 8 chains differed from others at only a single position
in the CDR3 loop, often by a conservative substitution.

TCR a cDNA Junctional Regions of HLA-Cw3-specific CTL
Clones. The 23 independent CTL clones were first submitted
to cDNA-PCR with a sense V8 primer in conjunction with
an antisense Ca primer. Eight clones expressed a Va8 tran-
script and the remaining 15 clones were tested sequentially
with primers corresponding to most Vo subfamilies.

The sequences of the PCR products (Fig. 4) revealed closely
conserved features among the TCR « chains (Fig. 6). Out
of at least 22 possible Vo subfamilies, only five were found
and three of these, namely Va3, Va4, and Va8, constituted
the vast majority of the repertoire (20/23). All chains bore
the JapHDS58 segment, out of around 50 possible Jo seg-
ments. Furthermore, a single length of nine amino acids was
found for the CDR3 loop. A high proportion of aspartic
or glutamic acid at position 94 (17/23) and of glycine or ar-
ginine residues at position 95 (16/23), non J-encoded, were
found. Several pairs of CTL clones apparently bearing iden-
tical TCR a chain amino acid sequences were found, although
additional diversity in the nonsequenced part of the Vo seg-
ment could not be rigorously excluded. Many other clones
differed in the CDR3 junctional region only, at a single or
a few positions, often by conservative substitutions. Some
clones shared identical CDR3 sequences, but differed in Vo
segment usage.



A TCR a cDNAs

CTL clone Vo Ju
Cw3/1.1 8.p71 ...TGT GCT TTG AGT GAG GGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/HLA2A3 8.p71 ..TGT GCT TTG AGT GAA GGA GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/Cas20 8.p71 ...TGT GCT TTG AGT GAT CAG GGC TTT GCA AGT GCG CTG... pHDS58
Cwl/Casls 8.p71 ...TGT GCT TTG AGT GAT GGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/Cas2 8.F3.2 ...TGT GCT TTG AGT GAT CGA GGC TTT GCA AGT GCG CTG... pHDSS8
Cw3/Cas? 8.F3.2 ...TGT GCT TTG AGT GAA CGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/Cas3 8.F3.4 ...TGT GCT TTG AGT GAA GGG GGC TTT GCA AGT GCG CTG... pHDSS8
Cw3/C37 8.F3.6 ...TGT GCT CTG AGT GAT CGA GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/2C1 4.TAES ...TGT GCT CTG AGT GAT CGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/C44 4.TA65 ...TGT GCT CTG AGT GAT CGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/HLA1CS 4.3 ...TGT GCT CTG GGT GAC CCA GGC TTT GCA AGT GCG CTG. .. pHDSS58
Cw3/5B8 4.3 ...TGT GCT CTG GGT GAA GGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/HLA1G6 4.1G6 ..TGT GCT CTG GGT GAT CGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/4Aa3 4.PJR25...TGC GCT CTG AGT GAT CGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/A8 3.28 .TGT GCT CTG AGC ATG GGA GGC TTIT GCA AGT GCG CTG... pHDS5¢8
Cw3/HLA2D3 3.a8 ..TGT GCT GTG AGC GCG GGA GGC TTT GCA AGT GCG CTG. .. pHDS58
Cw3/56.1 3.AR-5 ...TGT GCT CTG AGC GCG ACA GGC TTT GCA AGT GCG CTG... pHDSS58
Cw3/1B4 3.AR-5 ,..TGT GCT CTG AGC GCG ACA GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/701.1 3.AR-5 ...TGT GCT CTG ACC CAG ACA GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/1F11 3.C9 ...TGT GCT GTG AGC GAG ACA GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/Casl 5.MDA ...TGC GCA GTC AGT GCG GGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/2C3 5.MDA ...TGC GCA GTC AGT GAG GGG GGC TTT GCA AGT GCG CTG... pHDS58
Cw3/10.1 1.TA84 ...TGT GCA GTT AGT GAG CAC GGC TTT GCA AGT GCG CTG... pHDS58
B TCR B cDNAs

CTL clone VB Jp
Cw3/1.1 10 .. TGT GCC AGC AGC CTC GGC TCC GAC TAC ACC TTC GGC... 1.2
Cw3/2C1 10 ...TGT GCC AGC AGC TTG GGC TCC GAC TAC ACC TTC GGC... 1.2
Cw3/Cas20 10 .-.TGT GCC AGC AGC CTA GGA TCC GAC TAC ACC TTC GGC... 1.2
Cw3/4A3 10 ... TGT GCC AGC AGC AGA GGC TCC GAC TAC ACC TTC GGC... 1.2
Cw3/HLA1G6 10 ...TGT GCC AGC AGC CGG GGC TCC GAC TAC ACC TTC GGC... 1.2
Cw3/Cas?2 10 ... TGT GCC AGC AGC TTT GGC TCC GAC TAC ACC TTC GGC... 1.2
Cw3/C44 10 ... TGT GCC AGC AGC CAG GGC TCC GAC TAC ACC TTIC GGC... 1.2
Cw3/HLALCS 10 ...TGT GCC AGC AGC CAG GGA ACC GAC TAC ACC TTC GGC... 1.2
Cw3/C37 10 ...TGT GCC AGC AGC TAC GGG _ACC GAC TAC ACC TTC GGC... 1.2
Cw3/HLA2D3 10 -..TGT GCC AGC AGC TAC GQG ACC GAC TAC ACC TTC GGC... 1.2
Cw3/10.1 10 ... TGT GCC AGC AGC ACA GGG TTC GAC TAC ACC TTC GGC... 1.2
Cw3/Cas3 10 ... TGT GCC AGC AGC TGG GGA CAG GGC TAC ACC TTIC GGC... 1.2
Cw3/A8 10 ... TGT GCC AGC AGC TTG GGA GAA ACG CTG TAT TTT GGC... 2.3
Cw3/Casl 10 -..TGT GCC AGC AGC TTG GGG GAA ACG CTG TAT TTT GGC... 2.3
CW3/1F11 10 ...TGT GCC AGC AGC TTT GGG GAA ACG CTG TAT TTT GGC... 2.3
Cw3/701.1 10 ...TGT GCC AGC AGC TAC GGC GAA ACG CTG TAT TTT GGC... 2.3
Cw3/56.1 10 ... TGT GCC AGC AGC TGG GGG GAA ACG CTG TAT TTT GGC... 2.3
Cw3/Cas’ 10 -..TGT GCC AGC AGC TTC GGC GAA AGA TTA TTT TTC GGT... 1.4
Cw3/1B4 10 ..TGT GCC AGC AGC CAG GGG GAA AGA TTA TTT TTC GGT... 1.4
Cw3/2C3 10 .. .TGT GCC AGC AGC TAT GGG GAA AGA TTA TTT TIC GGT... 1.4
Cw3/HLA2A3 10 ...TGT GCC AGC AGC TCC GGG ACG GTG GAG TAC TTC GGT... 2.7
Cw3/5B8 10 ... TGT GCC AGC AGC AAQ GGG GTT ATG GGG TAC TTC GGT... 2.7
Cw3/Cas15 10 .. TGT GCC AGC AGC TTC GGA CAA GAA GTC TTC TTT GGT... 1.1

Figure 4. TCR « and 8 cDNA junctional nucleo-
tides sequences. (A) TCR « junctional sequences. The
nomenclature for the Vor gene subfamilies follows that
of references 4, 5, and 33. In the figure, the Vo sub-
family is separated from the Vo gene segment by a
period. The Vo gene segments are named according
to their original description from references: 18
(Va8.p71 and VaS.MDA); 32 (Va8.F3.2, Va8.F3.4,
and Va8.F3.6); 21 (Va4TA65 and Va1TA84); 34
(Vat.3), 35 (Va4.PJR-25) 36 (Va3.AR.5); 37
(Va3.C9), and this report (Va4.1G6 and Va3.A8).
Because of partial sequencing, except for the CTL clone
Cw3/1.1, the Vo segment identification is only puta-
tive. The partial sequences of the Va4.1G6 and
Va3.A8 gene segments are available upon request. All
other segments but three are 100% identical at the
nucleotide level to the published ones in the region
sequenced, namely downstream of the Vo primer used
for PCR. The Vor8.F3.2 gene segment partial sequence
in these DBA/2 clones differs from the original B6
sequence by a single base substitution; the Va3.A8
gene segment partial sequence in BALB/c CTL clone
Cw3/HLA2D3 differs from the Va3.A8 gene seg-
ment in CTL clone Cw3/A8 by a single base substi-
tution; and the Va3.C9 gene segment partial sequence
in clone Cw3/1F11 differs by a single base substitu-
tion from the original sequence. They are available upon
request. The JapHDS58 gene segment is from refer-
ences 19, 20. (B) TCR 8 cDNA junctional sequences.
The nomenclature for the functional V3 gene segments
of the V3 haplotype follows that of references 4 and
5. The V310 sequence was originally described in ref-
erence 16. The J@ gene segments sequences are from
references 17, 38, except JB1.4, which is from refer-
ence 5. Unambiguously assigned D gene segments
(39, 40) are underlined. These sequences are available
from EMBL/GenBank DDBJ under accession number
X66896.

TCR Analysis of Freshly Isolated PELs Specific for HLA-
Cw3. It has been shown previously that mice injected in-
traperitoneally with allogeneic irradiated tumor cells (23) or
with living antigenic variants of syngeneic tumor cells (24)
may develop a potent specific CTL response that can be mea-
sured directly without in vitro stimulation. We have now
adapted this approach and immunized DBA/2 mice in-
traperitoneally with syngeneic P815 cells transfected with the
HLA-Cw3 gene.

The PELs exhibited a significant antigen-specific cytolytic
activity against P815-Cw3 transfectant cells (Fig. 7 A). Flow
cytometric analysis showed that as many as 90% of the
CD8* PELs expressed VB310-bearing TCRs (Fig. 7 B). A
second experiment confirmed these results and also showed
that as few as 8% of the CD4* PELs expressed V[310-
bearing TCRs (data not shown). Moreover, <8% of CD8*
PELs from nonimmunized DBA/2 mice or from C57BL/6
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mice immunized with P815, expressed V310-bearing TCRs
(data not shown).

The V310 junctional regions of freshly isolated PEL popu-
lations were amplified by cDNA-PCR using a V310-C8 pair
of primers. The PCR products were directly sequenced with
a second antisense C primer closer to the VDJC junction.
The sequencing reaction was mostly unreadable in the junc-
tional region, but became clearly readable in the V310 re-
gion, indicating that the vast majority of the V310-bearing
cDNAs differed in their junctional sequence but displayed
the same junctional length (Fig. 8). Remarkably, these junc-
tional regions were found to have precisely the same length
in nucleotides as those from the HLA-Cw3-reactive CTL
clones. Thus, they must also encode six amino acid-long
CDR3 loops. In addition, of the nucleotides in the junctional
region, two successive guanine nucleotides (G) in the first
two positions of the triplet encoding the amino acid residue

H-2-restricted T Cell Receptors Specific for HLA



Table 1. Origin of H-2Ki-restricted HLA-Cw3-reactive CTL Clones Used in this Study*

Mouse Strain Immunogen? In vitro stimulation CTL clones Reference
1 DBA/2 P815-Cw3 P815-Cw3 Cw3/10.1 6
2 DBA/2 P815-Cw3 P815-Cw3 Cw3/701.1 7
3 DBA/2 P815-Cw3 P815-Cw3 Cw3/1.1, Cw3/56.1 7
4 DBA/2 P815-Cw3 P815-Cw3 Cw3/2C1, Cw3/1F11 This report$
Cw3/2C3
5 DBA/2 P815-Cw3 P815 + peptide Cw3/A8 This reportl
6 DBA/2 P815-Cw3sec P815-Cw3sec Cw3/Cas1, Cw3/Cas2 28
Cw3/Cas3, Cw3/Cas7
Cw3/Cas15, Cw3/Cas20
7 DBA/2TgB7 P815-Cw3 P815-Cw3 Cw3/4A3, Cw3/5B8 291
8 DBA/2TgB7 P815-Cw3/hB:m P815-Cw3/hB:m Cw3/1B4 291
9 DBA/2TgB7/h8m  P815-Cw3/h8.m P815-Cw3/hG.m Cw3/C37, Cw3/C44 291
10 BALB/c peptide Cw312012  P815 + peptide Cw3/HLA1C8, Cw3/HLA1G6  This report™*
11 BALB/c peptide Cw3in02 P815 + peptide Cw3/HLA2A3, Cw3/HLA2D3  This report**

* The specificity of the CTL clones from mice 1 to 9 was established by recognition of the transfectant cell line P815-Cw3 (6) and was further
documented (except Cw3/56.1, 1F11, Cas3, and C44) with P815 cells pulsed with synthetic peptides corresponding to the region 170-179 or 170-182
of the HLA-Cw3 molecule. The specificity of CTL clones from mice 10 and 11 was shown by recognition of the HLA-Cw3 170~179 peptide.
In addition, a presumed sister clone of CTL clone Cw3/HLA1C8 was shown to kill P815-Cw?3 cells as efficiently as the CTL clones isolated after
immunization by the transfectant cell P185-Cw3. Clone HLA2D3 recognized P815-Cw3 less efficiently. Clones HLA1G6 and 2A3 were not tested
against P815-Cw3. An additional CTL clone from mouse 11 recognized the Cw3 170-179 peptide, but was found not to express V810 and is not
included in this study. The H-2K4 restriction of the CTL clones from mice 1, 2, 3, and 5 is based on recognition of L cells transfected with H-2K¢,
that of clones from mice 7 to 9 is based on antibody blocking experiments, and that of clones from mice 4, 6, 10, and 11 is presumed from recognition
of Cw3 peptides which are known to bind to H-2Kd.

$ P815-Cw?3 indicates a P815 mastocytoma cell line transfected with the HLA-Cw3 gene (6), and P815-Cw3sec and P815-Cw3/h8;m indicate P815
cell lines transfected with a gene encoding a secreted form of HLA-Cw3 (28) and 2 gene encoding human 3, microglobulin in addition to the HLA-
Cw3 gene (29), respectively.

§ These clones were isolated as described in references 6 and 7.

I CTL clone Cw3/A8 was derived as described (6, 7) except that P815 cells prepulsed with peptide Cw3 170-182 were used for in vitro stimulation.
1 These CTL clones were not described in reference 29, but were derived in the reported experiments and found to be H-2Kd-restricted by antibody
blocking experiments.

** BALB/c mice were immunized with peptide Cw3 170~182 in Freund’s adjuvant as described in reference 27, and P815 cells pulsed with peptide
Cw3 170-182 were used for in vitro stimulation.

97 were clearly readable, indicating that a Gly residue was
also conserved among PELs specific for HLA-Cw3, as in all
CTL clones. In contrast, direct sequencing with the same
primer of V810 PCR products of PELs from C57BL/6 mice
immunized with P815 cells (Fig. 8) or from nonimmunized
DBA/2 mice (data not shown) was not readable in any re-
gion. Altogether, the results indicated that CTLs in vivo were
very similar in terms of TCR S8 chain structure to the CTL
clones isolated and grown in vitro.

Discussion

We found that H-2Kd-restricted CTL clones specific for
HLA-Cw3 within region 170-179 expressed TCRs of very
limited diversity. All used the V310 and JopHDS58 segments,
and all CDR3 « and 3 loops were found to display remark-
ably conserved features. This limited set of TCRs was selected
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despite differences among the mouse strains and immuniza-
tion procedures used to derive these clones (Table 1). Moreover,
the limited diversity of the TCRs of HLA-Cw3-reactive CTL
clones established by in vitro culture is clearly representative
of the TCR repertoire used in vivo, since PELs freshly iso-
lated from mice immunized with HLA-Cw3 transfectant cells
show the same TCR structures, not only in terms of V10
segment usage, but also in terms of V310-associated junc-
tional region composition.

The HLA-Cw3-specific TCR repertoire clearly reflects an
enrichment, since among unselected peripheral lymphocytes,
<8% of CD8* cells in DBA/2 mice are V(310 (10, and data
not shown). Of the Vf10-bearing TCRs (25, 26) and
JapHDS58-bearing TCRs (5, 19) reported in the literature,
none resembles those specific for HLA-Cw3. Moreover, out
of 54 additional independent H-2K%-restricted CTL clones
specific for antigens unrelated to HLA-Cw3, only two were



CTL clone vl FW CDR3 FWw JB
Cw3/1.1 10 CAS SLGSDY TFG 1.2
cw3/2C1 10 CAS SLGSDY TFG 1.2
Cw3/Cas20 10 CAS SLGSDY TFG 1.2
Cw3/4A3 10 CAS SRGSDY TFG 1.2
Cw3/HLALG6 10 CAS SRGSDY TFG 1.2
Ccw3/Cas2 10 CAS SFGSDY TFG 1.2
Cw3/C44 10 CAS SQGSDY TFG 1.2
Cw3/HLALCS8 10 CAS SQGTDY TFG 1.2
Ccw3/C37 10 CAS SYGTDY TFG 1.2
Cw3/HLA2D3 10 CAS SYGTDY TFG 1.2
Ccw3/10.1 10 CAS STGFDY TFG 1.2
Cw3/Cas3 10 CAS SWGQGY TFG 1.2
Cw3/A8 10 CcAS SLGETL YFG 2.3
cw3/Casl 10 CAS SLGETL YFG 2.3
Cw3/1F11 10 CcAS SFGETL YFG 2.3
Cw3/701.1 10 CAS SYGETL YFG 2.3
Cw3/56.1 10 CAS SWGETL YFG 2.3
cw3/Cas? 10 CAS SFGERL FFG 1.4
cw3/1B4 10 CAS SQGERTL FFG 1.4
Cw3/2C3 10 CAS SYGERL FFG 1.4
Cw3/HLA2A3 10 CAS SSGRVE YFG 2.7
Cw3/5B8 10 CAS SKGVMG YFG 2.7
cw3/Casl5s 10 CAS SFGQEV FFG 1.1

Figure 5. TCR f chain junctional region amino acid sequences. (Ver-
tical axis) The 23 CTL clones. For each clone, the in-frame TCR § tran-
script encoding the key residues at the VD] junction (22) was considered
to encode the functional TCR 8 chain. For CTL clones Cw3/1.1, 10.1,
701.1, A8, Casl, and Cas20, a FACS® staining with the antiV810 mAb
B21.5 (10) was performed to confirm the 8 transcript assignment. The
deduced amino acid sequences of the junctional and hypervariable region,
putatively CDR3-like, are reported in single-letter amino acid code (22).
The presumed Ig-like loop, designated CDR3 for convenience, is puta-
tively supported by two framework branches (FWW). The key cysteine res-
idue is at position 92 in the 8 chain. The VB and JB segments are also
reported (see legend to Fig. 4 for references).

found to be V10, and their junctional regions differ con-
siderably from the HLA-Cw3-reactive V310 chains (Casanova
et al., manuscript in preparation).

The very limited heterogeneity of the TCRs specific for
the HLA-Cw3 peptide stands in marked contrast to our
previous report that the TCRs of CTLs specific for a PbCS
peptide showed highly diverse primary structures (5). It is
notable that both studies are comparable with respect to im-
munization procedures, mouse strains, and restriction element.
In addition, both peptides bind to H-2K¢ with a similar
affinity (8, and data not shown). As a possible explanation
for the difference in the TCR repertoire size, the HLA-Cw3
peptide is one amino acid longer than the PbCS peptide. How-
ever, this increased number of solvent-accessible side chains
between the two residues “anchoring” the peptides to H-2K¢
(8) should rather expose on the surface of the complex more
epitopes available for TCR contact. More likely, a feature that
may account for the TCR repertoire size differences between
the two systems seems to be that, unlike the PbCS peptide,
the HLA-Cw?3 peptide is homologous to self peptides de-
rived from the same region of the H-2 molecules. It is

CTL clone 2 FW  CDR3 FW Ja

Ccw3/1.1 8.p71 CAL SEGGFASAL TFG pHDS58
Cw3/HLA2A3 8.p71 CAL SEGGFASAL TFG pHDS58
Cw3/Cas20 8.p71 CAL SDQGFASAL TFG pHDS58
Cw3/Casls 8.p71 CAL SDGGFASAL TFG pHDS58
Cw3/Cas2 8.F3.2 CAL SDRGFASAL TFG pHDS58
Cw3/Cas? 8.F3.2 CAL SERGFASAL TFG pHDSS8
Cw3/Cas3 8.F3.4 CAL SEGGFASAL TFG pHDS58
Cw3/C37 8.F3.6 CAL SDRGFASAL TFG pHDS58
Cw3/2C1 4.TA65 CAL SDRGFASAL TFG pHDS58
Cw3/C44 4.TA6S CAL SDRGFASAL TFG pHDS58
Cw3/HLALCS 4.3 CAL GDPGFASAL TFG pHDS58
Cw3/5B8 4.3 CAL GEGGFASAL TFG pHDS58
Cw3/HLA1G6 4.1G6 CAL GDRGFASAL TFG pHDS58
Cw3/4A3 4.PJR-25 CAL S DRGFASAL TFG pHDS58
Cw3/a8 3.a8 CAL SMGGFASAL TFG pHDS58
Cw3/HLA2D3 3.a8 CAV SAGGFASAL TFG pHDSS8
Cw3/56.1 3.AR-5 CAL SATGFASAL TFG pHDSS8
Cw3/1B4 3.AR-5 CAL SATGFASAL TFG pHDSS8
Cw3/701.1 3.AR-5 CAL TQTGFASAL TFG pHDS58
Cw3/1F11 3.¢c9 CAV SETGFASAL TFG pHDS58
Cw3/Casl 5.MDA CAV SAGGFASAL TFG pHDSS8
Cw3/2C3 5.MDA CAV SEGGFASAL TFG pHDS58
Cw3/10.1 1.TA84 CAV SEHGFASAL TFG pHDS58

Figure 6. TCR « chain junctional region amino acid sequences. (Ver-
tical axis) The 23 CTL clones. Because T cells may display two productive
a rearrangements (5, 41), the functional & chains, engaged in heterodi-
meric formation with the 8 chains and specific for the HLA-Cw3 pep-
tide/H-2K4 molecule complex, can be rigorously determined only for
CTL clones in which a second, out-of-frame, @ gene or transcript is
identified. In CTL clone Cw3/1.1, both c rearrangements were sequenced,
and only one was found to be productive (Figs. 2 and 3). In CTL clones
Cw3/701.1, Casl, 4A3, C44, 2C1, and HLAICS, a second, out-of-frame,
o transcript was detected by cDNA-PCR (data not shown). A second
transcript, in-frame at the V-] junction, was detected in CTL clone
Cw3/HLA2D3 (data not shown). Nevertheless, for the latter and the re-
maining CTL clones, the JapHDS58-bearng rearrangements are likely to
encode the functional ¢ chains, considering that their structures are very
similar to the unambiguously assigned ones. The deduced amino acid se-
quences of the junctional and hypervariable region, putatively CDR3-like,
are reported in single-letter amino acid code (22). The presumed Ig-like
loop, designated CDR3 for convenience, is putatively supported by two
framework branches (FW). The key cysteine is at position 90 in the «
chain. The Ve and Jo segments are also reported (see Fig. 4 for references).

significant that a survey of the previously reported class II
MHC-restricted TCR repertoires supports this hypothesis (5).

In this model, among the T cell epitopes potentially dis-
played by the HLA-Cw3 peptide/H-2K¢ molecule complex,
a significant degree of overlap would be expected to occur
with those displayed by self H-2 peptide/H-2K¢ molecule
complexes. As a consequence of natural tolerance to self epi-
topes, a significant fraction of CTLs potentially HLA-Cw3
reactive may not be recruited during the immune response.
In support of this view, when tested for recognition of the
HLA-Cw3 peptide in the context of a series of genetically
engineered mutants of the H-2K? molecule, all CTL clones
tested so far displayed the same recognition pattern (Maryanski
et al., manuscript in preparation). This stands in contrast to
the highly diverse recognition patterns we have previously
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Pigure 7. Specific cytolytic activity and VB FACS® analysis of freshly
isolated PELs from DBA/2 mice immunized with P815-Cw3 transfectant
cells. (4) Nylon wool purified PELs wete tested for recognition of 51Cr-
labeled P815-Cw3 (open circles) and untransfected P815 (closed circles) cells,
at various E/T ratios. (B) the PELs were double-stained with mAbs against
CD8 and VB10. (Shaded histogram) VB10 staining of cells that have been
gated as CD8*. (Solid line) Control staining of CD8* cells with the FITC
conjugate alone.

observed with PbCS-specific CTL clones tested for recogni-
tion either of the PbCS peptide in the context of mutant
H-2K¢ molecules (Jaulin, C., J.-L. Casanova, P. Romero, 1.
Gueschen, A.-S. Cordey, J. L. Maryanski and P. Kourilsky,
manuscript submitted for publication) or of variant PbCS
peptides in the context of H-2K¢ (27). It suggests that the
former CTL clones interact with fewer distinct epitopes on
the surface of the MHC-peptide complex than the latter.

Altogether, our study establishes that the presentation by
H-2K9 of a peptide from HLA-Cw3 results in the selection
of CTLs that express TCRs of very limited diversity, not
only in vitro, but also in vivo. This supports the possibility
that antigenic peptides homologous to host-derived peptides
trigger T cells of limited TCR diversity. Conversely, T cell
responses against peptides heterologous to the host, such as
those derived from P. berghei or from other infectious agents,
would be highly diverse. Such a diversity may favor the host,
not only by increasing the potency of the response, but also
by reducing the likelihood of the survival and escape of anti-
genic variants of the pathogen.
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Figure 8. Limited sequence heterogeneity of V[(310-bearing TCR
cDNA junctional regions of freshly isolated PELs. PELs originating from
DBA/2 mice immunized with P815-Cw3 transfectant cells and from
C57BL/6 mice immunized with untransfected P815 cells were purified
by passage over nylon wool. RNA was extracted from the PEL samples
and from the CTL clone Cw3/HLA2D3, as a control. After cDNA syn-
thesis the V310 junctional regions were amplified by PCR using a combi-
nation of V10 and C@ primers. The noncoding strand of each double-
stranded PCR product was directly sequenced using a second antisense
CB primer closer to the VDJ junction. The three samples (A4, C57BL/6
PELs; B, DBA/2 PELs; and C, clone Cw3/HLA2D3) were loaded on
the same sequencing gel. For convenience, the autoradiogram is shown
backwards and the complementary nucleotides are indicated, in the GATC
order, to allow reading of the coding strand (from top to bottom). The
sequence for the control CTL clone is written at the side. The nucleotides
corresponding to the V310 and JB1.2 segments, and those encoding the
conserved Gly at position 97, are indicated.
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