
Changing T cell specificity by retroviral T cell
receptor display
Helmut W. H. G. Kessels, Marly D. van den Boom, Hergen Spits, Erik Hooijberg*, and Ton N. M. Schumacher†

Department of Immunology, The Netherlands Cancer Institute, Plesmanlaan 121, 1066 CX, Amsterdam, The Netherlands

Communicated by P. Borst, The Netherlands Cancer Institute, Amsterdam, The Netherlands, October 24, 2000 (received for review July 28, 2000)

The diversity of the T cell receptor (TCR) repertoire is limited,
because of the processes of positive and negative T cell selection.
To obtain T cells with specificities beyond the immune system’s
capacity, we have developed a strategy for retroviral TCR display.
In this approach, a library of T cell variants is generated in vitro and
introduced into a TCR-negative murine T cell line by retroviral
transfer. We document the value of TCR display by the creation of
a library of an influenza A-specific TCR and the subsequent in vitro
selection of TCRs that either recognize the parental influenza
epitope or that have acquired a specificity for a different influenza
A strain. The resulting in vitro selected TCRs induce efficient T cell
activation after ligand recognition and are of equal or higher
potency than the in vivo generated parent receptor. TCR display
should prove a useful strategy for the generation of high-affinity
tumor-specific TCRs for gene transfer purposes.

T cells, the prime mediators of adaptive cellular immunity,
specify their action through the T cell receptor (TCR)-

mediated recognition of a peptide epitope bound to a MHC
molecule. The immune system contains a large collection of T
cells that covers a broad range of peptide–MHC specificities and,
thereby, can identify subtle changes in MHC–epitope presenta-
tion. However, self-tolerance leads to the removal of the high-
affinity T cell repertoire specific for self antigens (1, 2), and this
removal will include T cells with desirable specificities, such as
many self antigens expressed on tumor tissues. Because of the
potential therapeutic value of TCRs with such tumorylineage
specificities, we set out to develop an in vitro strategy for TCR
selection that can be used to bypass in vivo tolerance.

For the in vitro isolation and generation of mAbs, antibody-
phage display has proven to be a useful technology to replace
hybridoma technology and animal immunization (3). Analo-
gous to this technology, TCRs have been expressed as single-
chain fragments (scTCRs) on the surface of both phage (4) and
yeast (5). Recently, yeast TCR display was shown to be a
successful strategy for the in vitro selection of variant scTCR
fusion proteins with a dramatic increase in affinity for an
allogeneic peptide–MHC target (6). Such high-affinity
scTCRs may be of significant use as probes for the detection
of specific peptide–MHC complexes. However, it is unclear
whether yeast- or phage-based TCR display systems will prove
equally useful to change the fine-specificity of TCRs. Specif-
ically, the ability of T cells to discriminate between closely
related ligands seems to be related directly to the property of
TCRyCD3 complexes to cluster after encountering their cog-
nate ligands (7, 8), and it may prove difficult to copy this
process in these systems. We present here a T cell-based in vitro
TCR selection strategy that can be used to isolate ab het-
erodimeric TCRs with increased affinities or altered specific-
ities. This strategy for TCR display closely mimics the in vivo
situation by retroviral insertion of a TCR library into a
TCR-negative T cell host. Such T cell line-displayed TCR
libraries not only allow the selection of desirable TCRs by
biochemical means but also offer the possibility to test the
functional behavior of selected TCRs directly.

Through the generation and screening of an in vitro T cell
library based on a murine influenza A-specific TCR, we have

isolated variant TCRs that are either specific for the parental
viral strain or that have acquired a specificity for a variant
influenza epitope. These in vitro selected TCRs recognize pep-
tide–MHC complexes on target cells with high efficiency and
high specificity. The ability to control TCR fine specificity in a
direct manner by retroviral display provides a general strategy
for the generation of T cells with specificities that could not be
obtained previously . In addition, retroviral TCR display offers
a powerful strategy to dissect structure-function relationships of
the TCR in a physiological setting.

Materials and Methods
Preparation of H-2Db Tetramers. Peptides were produced by using
standard fluorenylmethoxycarbonyl chemistry. Soluble allophy-
cocyanin (APC)-labeled H-2Db tetramers were produced as
described (9, 10) and stored frozen in Tris-buffered saliney16%
(vol/vol) glyceroly0.5% BSA.

Cell Lines. The 34.1Lz cell line is derived from the cell line 34.1L,
a day 14 fetal thymus-derived prethymocyte cell line (11).
Because initial experiments indicated that the expression of the
CD3z TCR component was limiting in 34.1L, a CD3z-encoding
vector was introduced by retroviral gene transfer: CD3z cDNA
was amplified by PCR with primers CD3ztop (CCCAAGCT-
TATGAAGTGGAAAGTGTCTGTTC) and CD3zbottom
(ATAAGAATGCGGCCGCTTACTGGTAAAGGCCAT-
CGTG) (Isogen Bioscience BV, The Netherlands) subcloned
into the retroviral-vector pMX, and this construct was used to
retrovirally transduce 34.1L cells. The resulting 34.1Lz cells were
cloned, and expression of the transduced CD3z chain was
assessed by reverse transcription –PCR. CD81 34.1Lz cells were
generated by transduction of 34.1Lz cells with a retroviral vector
encoding the CD8a chain. CD8 expression was assessed by mAb
staining.

The EL4 tumor cell line is a murine thymoma cell line of the
H-2b haplotype (12). The EL4PR and EL4NT cell lines were
obtained by transduction of EL4 cells with a retrovirus encoding
the enhanced green fluorescent protein (eGFP) with the AyPRy
8y34 and AyNTy60y68 cytotoxic T lymphocyte (CTL) epitope as
a C-terminal fusion, respectively, and transduced cells were
isolated by f luorescence-activated cell sorting of eGFP-
expressing cells. All cell lines were grown in Iscove’s modified
Dulbecco’s medium (Life Technologies, Paisley, Scotland) sup-
plemented with 5% (vol/vol) FCS (BioWhittaker)y0.5 mM
b-mercaptoethanol (Merck)y100 units/ml penicilliny100 mg/ml
streptomycin (Roche Molecular Biochemicals).

Abbreviations: TCR, T cell receptor; CDR, complementarity determining region; APC,
allophycocyanin; NFAT, nuclear factor of activated T cells; NP, nucleoprotein; GFPyYFP,
greenyyellow fluorescent protein; CTL, cytotoxic T lymphocyte.
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Production of Retroviral Supernatants and Retroviral Transduction.
Plasmid DNA was transfected into Phoenix-A cells, derivatives
of the human embryonic kidney cell line 293T, by pfx-2 lipid
transfection (Invitrogen). After transfection, the cells were
cultured for 48 h before the transduction procedure. A recom-
binant human fibronectin fragment CH-296 transduction pro-
cedure (RetroNectin; Takara Shuzo, Otsu, Japan) was used
based on a method developed by Hanenberg et al. (13). Non-
tissue culture-treated Falcon Petri dishes (3-cm diameter; Bec-
ton Dickinson) were coated with 2 ml of 30 mgyml recombinant
human fibronectin fragment CH-296 at room temperature for
2 h. The CH-296 solution was removed and replaced with 2 ml
of 2% (volyvol) BSA (Sigma) in PBS for 30 min at room
temperature. The target cells were plated on RetroNectin-
coated dishes (0.5 3 106 cells per Petri dish) in 1 ml of retroviral
supernatant. Cells were cultured at 37°C for 24 h, washed, and
transferred to 25-cm2 culture flasks (Becton Dickinson).

Construction of the F5 TCR Complementarity Determining Region 3
(CDR3) Library. TCR cDNAs were generated from F5 TCR
transgenic T cells by reverse transcriptase reaction (Roche
Molecular Biochemicals). The F5 TCRa cDNA was amplified by
PCR with primers F5a-top (GGGGGATCCTAAACCA-
TGAACTATTCTCCAGCTTTAGTG) and F5a-bottom
(GGAAGGGGGCGGCCGCTCAACTGGACCACAGCCT-
CAG) (Perkin–Elmer) and ligated into the pMX-IRES-
enhanced GFP vector. The F5 TCRb cDNA was amplified by
PCR with primers F5b-top (GGGGGATCCTAAACCATG-
GCCCCCAGGCTCCTTTTC) and F5b-bottom (GGAA-
GGGGGCGGCCGCTCAGGAATTTTTTTTCTTGACCAT-
GG) and ligated into the pMX vector.

To diversify the CDR3 region of the F5 TCRb chain, the
F5b-CDR3-HM primer (CTGGTCCGAAGAACTGCTCAG-
CATGCCCCCCAGTCCGGGAGCTGCTTGCACAAAGA-
TACAC) was synthesized. The CDR3 coding sequence contains
70% of the original nucleotide (underlined) and 10% of each of
the other three nucleotides. A 59 fragment of the F5 TCRb was
amplified by PCR with F5b-top and F5b-CDR3-HM primers,
and a 39 fragment was amplified with F5b-CDR3–39-top (GAG-
CAGTTCTTCGGACCAG) and F5b-bottom primers. Both re-
sulting F5 TCRb fragments were assembled by PCR (14) in the
presence of F5b-top and F5b-bottom primers, and this TCRb
CDR3 DNA library was ligated into the pMX vector. Ligation
products were introduced into Escherichia coli MC1061 cells by
electroporation to generate a TCRb CDR3 library with a
complexity of 3 3 106 clones. This DNA library was used to
create retroviral supernatant, which was used to transduce
34.1Lz cells. TCR-expressing cells were sorted by flow cytom-
etry. Based on the sequence requirements for TCR expression
(see Results), '25% of total library TCRs (0.8 3 106 clones) will
fulfill the requirements for surface expression. Because this
number is significantly greater than the number of retrovirally
TCR-expressing cells that were sorted to produce the T cell
library (3.0 3 104), we have taken the latter as the size-limiting
step in library production.

Flow Cytometric Analysis and TCR CDR3 Library Screening. Aspecific
staining to 34.1L cells was blocked with 0.5 mgyml anti-FcgRIIy
III mAb (clone 2.4G2). Cells were stained with phycoerythrin-
conjugated anti-TCRb chain (H57–597) mAb (PharMingen) or
MHC tetramers at 4°C (unless indicated otherwise). Propidium
iodide (1 mgyml; Sigma) was included before analysis. Data
acquisition and analysis were performed on a FacsCalibur
(Becton Dickinson) with CELLQUEST software. Cell sorting was
performed on a FACStar Plus (Becton Dickinson) with LYSIS II
software.

34.1Lz Stimulation Assay. The self-inactivating [nuclear factor of
activated T cells (NFAT)]6-YFP retroviral construct was pro-
duced as described (15). TCR-expressing 34.1Lz cells were
transduced with the self-inactivating retroviral construct. Trans-
duced cells, as revealed by YFP expression after overnight
phorbol 12-myristate 13-acetate (10 ngyml; Sigma) and iono-
mycin (1.67 mgyml; Sigma) stimulation, were isolated by flow
cytometry. Transduced 34.1Lz cells were incubated overnight at
37°C with target cells at an effector:target ratio of 1:10 (unless
indicated otherwise) in the presence of peptides at the indicated
concentrations. The percentage of YFP-expressing 34.1Lz cells
was determined by flow cytometric analysis.

Determination of MHC-TCR Dissociation Rates. 34.1Lz TCR-
expressing cells were stained with their cognate APC-labeled
peptideyH-2Db tetramers for 20 min at 4°C, washed once with
PBSy0.5% (vol/vol) BSAy0.02% NaN3, and subsequently ex-
posed to an excess of homologous unlabeled H-2Db monomers
(10 mM) at 25°C. Decay of H-2Db tetramer staining was mea-
sured by flow cytometry and is plotted as the percentage of
maximum staining as follows: (FIexp 2 FI0)y(FImax 2 FI0) 3
100%. Simultaneous addition of H-2Db tetramers and 10 mM
unlabeled homologous H-2Db monomers during cell labeling
prevents the binding of tetrameric MHCs (not shown).

Results and Discussion
As a host for a T cell line-displayed TCR library, an immature
T cell line that does not express endogenous TCR a and b chains
was created. This cell line, named 34.1Lz, expresses all CD3
components required for TCR assembly, but is devoid of CD4 or
CD8 coreceptor expression. As a first target for retroviral TCR
display, we used a high-affinity murine TCR, of which the
antigen specificity is well established (16). This F5 TCR
(Va4;Vb11) specifically recognizes the immunodominant
H-2Db-restricted CTL epitope nucleoprotein (NP)366–374 (AS-
NENMDAM) of the influenza AyNTy60y68 NP (17). After
introduction of the F5 TCR in the 34.1Lz cell line by retroviral
transduction, the transduced cell line expresses high levels of the
introduced F5 TCR as measured by anti-TCRb and MHC
tetramer flow cytometry (Fig. 2 A).

To test the feasibility of in vitro selection of TCRs with defined
specificities, we aimed to isolate novel TCRs with either the same
specificity as the parental TCR or receptors that have acquired
a specificity for a variant influenza epitope. To modify the
peptide specificity of TCRs without generating variant TCRs
that are broadly cross-reactive, mutation of only those areas of
the TCR that primarily interact with the antigenic peptide is
preferred. Structural analysis of four different human and mouse
abTCRs in complex with their cognate peptide–MHC class I all
point to the CDR3 loops of the TCR a and b chain as the major
determinants of peptide specificity (18–21). In all cases exam-
ined, the TCR binds diagonally across the peptide–MHC class I
complex such that the CDR3 of the TCRa chain is primarily in
contact with the N-terminal part of the MHC-bound peptide,
whereas the TCRb CDR3 mainly interacts with the C-terminal
part. Because in the current set of experiments we were inter-
ested primarily in obtaining TCRs that can discriminate between
epitopes that differ in the C-terminal half of the peptide (see
below), a TCR library was manufactured such that its structural
diversity is directed toward the TCRb CDR3 loop exclusively.
Through PCR assembly, an F5 TCRb DNA library that contains
a 30% mutational frequency in its 7-amino acid CDR3 was
generated (Fig. 1). The 34.1Lz cell line was transduced with F5
TCRa DNA and the TCRb library DNA to generate a library of
T cells with variant CDR3b loops, and 3.0 3 104 surface
TCR-expressing cells were isolated by flow cytometry. Sequence
analysis of single-cell clones from TCR-expressing cells was used
to provide an estimate of the structural requirements for TCR
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cell surface expression. These data indicate that the serine on
position 1 in the CDR3b is conserved and that for the glycine
pair on positions 4 and 5 only conservative amino acid substi-
tutions (alanineyserine) are allowed for all mutant TCRs that are
expressed at the cell surface (data not shown).

To examine whether variant TCRs could be obtained that
retain the ligand specificity of the parental F5 TCR, the T cell
library was screened for binding of tetrameric H-2Db complexes
containing the AyNTy60y68 NP CTL epitope (ASNENMDAM;
Fig. 2B). After a first selection round, a population of AyNTy
60y68 H-2Db tetramer-reactive cells was isolated by flow cytom-

etry. Sequence analysis of the CDR3b loops within this popu-
lation revealed that although this population is diverse, at most
positions within the CDR3b only conservative amino acid
mutations are allowed for recognition of the AyNTy60y68
NP366–374 tetramers (data not shown). To enrich for TCRs with
the highest affinity for the AyNTy60y68 epitope, a subsequent,
more stringent selection round was performed in which tet-
ramer-high, TCR-low cells were isolated. In this population two
different clones persisted: the parental F5 clone and a variant
clone named NT-1. The CDR3b DNA sequence of the NT-1
TCR contains five mutations that result in three conservative

Fig. 1. (Left) Schematic representation of the generation and screening of retroviral TCR display libraries. (Right) Generation of the TCR library F5 TCR-1. CDRs
of the TCR a and b chains are depicted as solid boxes. The CDR3 DNA sequence of the b chain targeted in the current experiments is depicted in bold.

Fig. 2. MHC tetramer analysis of in vitro selected TCRs. (A) Flow-cytometric analysis of 34.1Lz cells expressing the F5 (Top), NT-1 (Middle), or PR-1 TCRs (Bottom).
The left panels represent staining with phycoerythrin-conjugated anti-TCRb chain (H57–597) mAb. The middle panels represent staining with APC-labeled
tetrameric H-2Db complexes containing the AyNTy60y68 NP epitope (ASNENMDAM), and the right panels represent staining with APC-labeled H-2Db tetramers
containing the AyPR8y34 NP epitope (ASNENMETM). Tetramer staining was performed at 37°C (37). (B) Selection of influenza A-reactive TCRs from in vitro TCR
libraries. The panels represent staining of the TCRb CDR3 library with APC-labeled tetrameric H-2Db complexes containing the AyNTy60y68 NP epitope before
screening (Top) and after 1 (Middle) and 2 (Bottom) sorts with AyNTy60y68 H-2Db tetramers. Tetramer selections were performed at 4°C.
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amino acid substitutions (Table 1). This variant TCR binds
AyNTy60y68 NP366–374 tetramers with efficiency similar to that
of the F5 TCR (Fig. 2 A).

The TCRb CDR3 library was subsequently screened for the
presence of TCRs that bind H-2Db tetramers containing a
variant influenza A-NP epitope. This variant NP366–374 epitope
(ASNENMETM), derived from the influenza AyPR8y34 strain,
differs from the AyNTy60y68 CTL epitope by two conservative
amino acid substitutions in the C-terminal half of the peptide and
is not recognized by the F5 TCR (ref. 16; Fig. 2 A). The TCRb
CDR3 library was subjected to four rounds of selection with
H-2Db tetramers that contain the variant epitope to select for the
TCR clone(s) that exhibits the highest affinity for this epitope.
From this TCR library selection, a single TCR clone emerged
(named PR-1) that avidly binds to the AyPR8y34 NP366–374

tetramers (Fig. 2 A). Interestingly, although in this library screen
we did not select against reactivity with the AyNTy60y68 T cell
epitope, the PR-1 TCR has lost the ability to recognize the
parental epitope, as judged by MHC tetramer staining (Fig. 2 A).
Sequence analysis of the PR-1 TCR reveals seven nucleotide
mutations in its CDR3b DNA sequence compared with the
parental F5 TCR. These mutations result in four conservative

amino acid changes and one nonconservative Arg to Trp sub-
stitution (Table 1).

To examine whether in vitro selected variant TCRs can evoke
T cell activation after peptide recognition, ligand-induced IL-2
gene transcription was measured. To this purpose, we used a
self-inactivating retroviral vector containing multiple NFAT-
binding sites upstream of a minimal IL2 promoter and the
reporter gene YFP (15, 22). 34.1Lz cells expressing the F5, NT-1,
or PR-1 TCR were virally transduced with the NFAT-YFP
reporter construct, and the transduced cells were exposed to
target cells in the presence of different concentrations of either
the AyNTy60y68 or AyPR8y34 T cell epitope. Both variant
clones NT-1 and PR-1 efficiently induce T cell activation after
specific antigen recognition with an absolute specificity for the
epitope used during the in vitro selections (Fig. 3). Remarkably,
the PR-1 TCR shows a dramatically increased sensitivity for its
ligand as compared with the recognition of the AyNTy60y68
epitope by the F5 TCR. This high TCR sensitivity is not a
consequence of elevated levels of TCR cell surface expression
(Fig. 2 A) and can only be explained to a minor extent by the
small difference in H-2Db-binding affinity between the AyNTy
60y68 peptide and AyPR8y34 peptide (Fig. 4A). To examine
whether the PR-1 TCR displays an increased sensitivity caused
by improved MHC-TCR binding kinetics, MHC-TCR dissocia-
tion rates were determined (23–25). Measurement of the decay
in peptideyH-2Db-tetramer staining after the addition of an
excess of competing ligand reveals that the PR-1 TCR displays
an '4-fold increase of TCRyMHC half-life as compared with
the parental F5 TCR (Fig. 4B). In line with the functional data,
the off-rate of the NT-1yMHC complex is similar to that of the
high-affinity F5 TCR.

These experiments show that in vitro selection of variant TCRs
by retroviral TCR display can yield receptors with high potency,
as revealed by both biochemical means and functional assays.
This outcome occurs despite the fact that the diversity of the
library used in these experiments (3 3 104 independent clones)
was relatively modest. We estimate that through optimization of
transduction and sorting strategies, retroviral TCR display li-
braries 106-107 in size are technically achievable in this system.
Such in vitro TCR libraries will enclose a diversity that ap-
proaches that of the total human naı̈ve TCR repertoire (2.5 3
107; ref. 26). TCRs that are isolated from such libraries should

Table 1. Selection of variant T cell receptors by retroviral TCR
display

AyNTy60y68 and AyPRy8y34 nucleoprotein-specific T cell receptors were
selected from the TCR library F5 TCR-1. Sequences of the CDR3 of the F5 and
variant TCRb chains are boxed. Mutations and resulting amino acid substitu-
tions are indicated in bold.

Fig. 3. Signaling function of in vitro selected TCRs. TCRab-expressing 34.1Lz cells transduced with the NFAT-YFP construct were exposed to EL4 target cells in
the presence of different concentrations of either the AyNTy60y68 (▫) or AyPR8y34 (F) T cell epitope. Sensitivity and specificity of the different TCRs were
determined by flow cytometric analysis of the percentage of YFP-expressing 34.1Lz cells. In accordance with previous results, the distribution of YFP expression
after stimulation is bimodal (22, 38), and T cell activation after stimulation with phorbol 12-myristate 13-acetate (10 ngyml) and ionomycin (1.67 mgyml) results
in 60–65% YFP-expressing cells (not shown). Data shown are means of triplicates 6 SD.
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be useful for the creation of redirected T cell populations
through gene transfer of peripheral T lymphocytes (27).

To provide an estimate of the risk of autoreactivity after the
creation of cells that carry in vitro manipulated TCRs, PR-1-
expressing cells were exposed to a small set of different tissue
samples from H-2Db-expressing mice. In these experiments we
used PR-1 TCR-expressing 34.1Lz cells in which the CD8a
coreceptor molecule was introduced, as the presence of CD8 can
increase T cell sensitivity. Even though a strong T cell response
is induced by splenocytes that are incubated with the AyPR8y34
influenza A CTL epitope, little activation of T cells is observed
when these cells are exposed only to splenocytes, and no T cell
response is induced by lung or liver tissue (Fig. 5). In addition,
EL4 transfectants that produce the AyPR8y34 epitope endog-
enously also are recognized by PR-1-expressing T cells with no
detectable crossreactivity toward the AyNTy60y68 epitope, both
in the presence (Fig. 5) and the absence (data not shown) of CD8
expression.

The introduction of in vitro generated TCRs in peripheral T
cells by gene transfer without further modification likely will

yield unwanted heterodimers of introduced and endogenous
TCR a and b chains. Such newly generated mixed-TCR dimers
may convey autoreactive behavior to these T cells. To avoid the
undesirable pairing with endogenous TCR chains, CD3z chi-
meric TCRs have been produced (28). In addition, remodeling
of the TCR-dimerization interface may provide an indepen-
dent strategy to exclude inadvertent mixed-dimer formation.
The remodeling of the structurally related Ig constant domain
by Atwell et al. presents an elegant proof of principle in this
regard (29).

Novel protein functions are thought to arise through natural
evolution from existing molecules that bear a related structure
and specificity (30). Also, for the in vitro selection of enzymes
with a novel or improved catalytic activity, small-step protein
evolution has proven much more successful than the fully de novo
design of enzyme activities (31, 32). In line with these examples,
we speculate that the selection of TCRs with novel specificities
with the in vitro system outlined here is likely to be most
successful for small-step specificity changes. Whereas demon-
strated here for a TCR specific for an antigen of viral origin, it

Fig. 4. TCR-MHC off-rates of in vitro selected TCRs. (A) Comparison of H-2Db-binding affinity of the AyNTy60y68 (▫) and AyPR8y34 (F) peptide. TAP-deficient
RMA-S cells (39) were incubated overnight at 37°C with peptides at the indicated concentrations. Cells were stained with biotin-conjugated anti-mouse H-2Db

antibodies (PharMingen) and phycoerythrin-conjugated streptavidin and analyzed by flow cytometry. Fluorescence intensity is calculated as: FIexp 2 FI0. Data
shown are means of triplicates 6 SD. (B) Determination of MHC-TCR dissociation rates. 34.1Lz TCR-expressing cells were stained with their cognate APC-labeled
peptideyH-2Db tetramers at 4°C and subsequently exposed to an excess of homologous unlabeled H-2Db monomers at 25°C. Decay of H-2Db-tetramer staining
was measured by flow cytometry and is plotted as the percentage of maximum staining.

Fig. 5. Specificity of the PR-1 TCR. (Left) PR-1-expressing CD81 34.1Lz cells transduced with the NFAT-YFP construct were exposed to EL4 target cells, and cells
that either endogenously produce the AyNTy60y68 (EL4NT) or AyPR8y34 (EL4PR) CTL epitope. (Right) PR-1-expressing CD81 34.1Lz cells were incubated with cell
suspensions from the indicated tissues or spleen cells incubated with 0.1 mM of the ASNENMETM peptide (E:T ratio of 1:50). Data shown are means of duplicates.
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seems reasonable to assume that this approach will work equally
well for TCRs that are specific for self antigens. This strategy
may be particularly valuable for the development of a new class
of high-affinity tumorylineage-specific TCRs. In a number of
systems it has been demonstrated that (central) self-tolerance
results in the removal of the high-avidity T cell repertoire specific
for tumorylineage-antigens (33–36). However, high-avidity
T cells that recognize structurally related peptide antigens
are retained within the T cell repertoire (K. E. de Visser,
H.W.H.G.K., A. M. Kruisbeck, and T.N.M.S., unpublished
data). The retroviral TCR display system as outlined here
provides a unique opportunity to redirect the TCR carried by

such T cells toward recognition of self antigens. The creation of
collections of high-affinity TCRs that target lineage antigens for
which self-tolerance precludes their in vivo production may
thereby now be feasible.
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