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Abstract

Background Clinically effective T-cell responses can be
elicited by single peptide vaccination with Wilms’ tumor 1
(WT1) epitope 126-134 in patients with acute myeloid
leukemia (AML). We recently showed that a predominant
T-cell receptor (TCR) f chain was associated with vaccine-
induced complete remission in an AML patient (patient 1).
In this study, we address the question of whether this
predominant clone or the accompanying Vf11 restriction
could be found in other AML patients vaccinated with the
same WTI1 peptide.

Materials and methods For assessment of V[f usage,
cytotoxic T lymphocytes (CTLs) from four vaccinated
patients were divided into specific and non-specific by
epitope-specific enrichment. Vf families were quantified
in both fractions using reverse transcribed quantitative
PCR. Vf11-positive ‘complementary determining region 3’
(CDR3) sequences were amplified from these samples,
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from bone marrow samples of 17 other vaccination
patients, and from peripheral blood of six healthy controls,
cloned and sequenced.

Results We observed a clear bias towards V11 usage of
the WT1-specific CTL populations in all four patients. The
predominant CDR3f amino acid (AA) sequence of patient
1 was detected in two other patients. CDR3f loops with
closely related AA sequences were only found in patient 1.
There were no CDR3f AA sequences with side chains of
identical chemical properties detected in any patient.
Conclusion We provide the first data addressing TCR V3
chain usage in WT1-specific T-cell populations after HLA
A*0201-restricted single peptide vaccination. We demon-
strate both shared Vf restriction and the sharing of a TCR f8
transcript with proven clinical impact in one patient.

Keywords Wilms’ tumor protein 1 -
Peptide vaccination - T cell receptor bias -
Acute myeloid leukemia

Introduction

The transcription factor Wilms’ tumor protein 1 (WT1) is a
leukemia-associated antigen (LAA), which can be targeted
by peptide vaccination resulting in T-cell responses in
patients with acute myeloid leukemia (AML) [1-3]. WT1-
specific T cells could not be detected in the peripheral
blood of healthy controls ex vivo [4], but could be
expanded in vitro from the T-cell repertoire of both healthy
controls and patients with hematological malignancies
(unpublished results [5, 6]). In phase I/II clinical trials
involving vaccination with single HLA-restricted peptides,
we and others have shown expansions of functional
WT1-specific cytotoxic T cells (CTLs) in many patients,
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resulting in impressive clinical responses in some of these
patients [1-3].

In general, both spontaneous and vaccine-induced T-cell
responses result in T-cell receptor (TCR) bias due to
selective pressure. Public T-cell clones are predominant
T cell clones bearing similar TCR structures in multiple
individuals, and have been described in the context of viral
infection and autoimmunity. This concept includes both the
usage of the same variable (V) region accompanied by
shared short amino acid (AA) motifs in the respective
‘complementarity determining region 3’ (CDR3) in the
o and/or the f chain as well as completely identical CDR
loops [7-16]. The occurrence of shared or ‘public’ TCR
structures may depend on the structure of the peptide-MHC
I complex (pMHC 1), the frequency of the TCR phenotype
in the naive repertoire, and its relative concentration in
proportion to the reactive precursor pool [17-21]. Turner
et al. [22] proposed the classification of this TCR bias into
three types: type 1 bias is characterized by the selection of
a single V chain or gene family but preserved CDR3
diversity, type 2 bias describes the preferred selection of
conserved AA motifs within the CDR3 loops with or
without restricted V usage, and type 3 bias is characterized
by the predominance of identical AA sequences of all three
CDR loops in one or both TCR chains.

A multitude of studies reported the absence of public
CDR phenotypes in the context of melanoma-associated
antigens [23-26] and, to our knowledge, no data have been
published on shared TCR structures in the context of
LAAs. Trautmann et al. [27] found a public anti-Melan-A/
MART-1 CDR3a motif in four out of four melanoma
patients, and a single shared AA motive in the CDR3f
region was identified by Serana et al. [21] re-evaluating
TCR sequences of CTL clones reactive against the mela-
nocyte differentiation antigen Melan-A from 13 different
publications. The only study directly proving the occur-
rence of public f chain sequences in the context of a tumor
antigen is the work by Derre et al. [28], demonstrating
shared CDR3f motifs in the CTL compartment against
cancer-testis antigen NY-ESO-1 in at least three melanoma
patients, accompanied with restriction of CDR3f length
and joining (J) f gene usage.

In a previous study, we analyzed the T-cell repertoire of
a patient (patient 1) with WTI1 56 134 peptide vaccine-
induced complete remission [29]. We detected a predom-
inant clone of the highly restricted Vi family TRBV11-2
(IMGT nomenclature [30]), which expanded both in blood
and bone marrow (BM) after vaccination. Subsequently it
decreased in both these compartments when the patient
achieved complete remission. Relapse after 1 year was
accompanied by a spontaneous increase of the clone in
peripheral blood but not the BM. The aim of the current
study was to determine whether a V511 TCR bias could be
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detected within a population of patients treated in the same
clinical trial and whether the predominant CDR3/ AA
sequence of patient 1 was detectable in other HLA.A2-
positive patients who had received the same WT1 peptide
vaccination.

Materials and methods
Patients and specimens

Samples from 20 patients with AML enrolled in a vacci-
nation trial with the HLA A*0201-restricted peptide
WTl1 26134 (RMFPNAPYL) [2] were analyzed. Two dif-
ferent types of samples were processed: (1) whole BM
samples of 19 patients, (2) peripheral blood mononuclear
cells (PBMCs) from four patients (patients 6, 8, 15, and 20).
Additionally, PBMCs from six healthy controls were ana-
lyzed. Samples were drawn after informed consent of
patients and healthy donors.

Epitope-specific enrichment of CTLs

Peripheral blood mononuclear cells were isolated by den-
sity gradient centrifugation using Ficoll-Hypaque (Bio-
chrom, Cambridge, UK) and cryopreserved. CDS8-positive
cells were isolated from PBMCs as described [31]. To
enrich epitope-specific CTLs from peripheral blood T cells,
two different approaches were used: enrichment by tetra-
mer staining (patients 6, 8, 15, 20) and by IFNy secretion
assay after incubation with the WT1 peptide (only patient
15) [29]. For tetramer enrichment, CTLs were stained with
APC-labeled HLA A*0201 binding WTI1 56 134 peptide
tetramer and magnetically labeled with anti-APC Micro-
Beads (Miltenyi, Bergisch Gladbach, Germany). For
selection by IFNy secretion, CTLs were incubated for 6 h
with 10 pg/ml of the WT1 56134 peptide. CTLs were then
labeled with IFNy-Catch-Reagent (Miltenyi), and incu-
bated while shaking for 5 min on ice and for additional
45 min at 37°C. Surface-bound IFNy was then stained with
anti-IFNy-APC and magnetically labeled with anti-APC
MicroBeads. Magnetic enrichment was performed using
MACS columns (Miltenyi). Both the enriched and the
depleted cell fractions were pelleted and resuspended in
TRIzol for RNA extraction.

RNA extraction, cDNA synthesis

Total RNA from whole BM samples was extracted using
acid guanidinium thiocyanat/phenol chloroform [32]. RNA
from sorted purified CD8+4 T cells and PBMCs was
extracted using TRIzol (Invitrogen, Carlsbad, CA). Integ-
rity was checked electrophoretically. Reverse transcription
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was performed with Omniscript Reverse Transcriptase
(Qiagen, Hilden, Germany). All BM samples were pro-
cessed on separate days and independent of enriched CTL
samples except the BM samples of patient 13 and 14,
which were processed in parallel. Samples of cDNA were
stored at —20°C.

Comparative quantification of Vf families

Relative quantification of the expression of a single TCR
VB chain was performed as previously described [33].
Briefly, quantitative reverse transcribed PCRs (QRT PCRs)
were carried out with a universal reverse primer and
TagMan probe, both annealing at the constant segment
of the f chain (Cf) and 26 Vf family-specific forward
primers. The relative concentrations P (%) of the Vf
families of a sample were calculated regarding the slope
and crossing point of the respective amplification reactions.

Differences of each family i between percentage of the
enriched fraction P,,, and the depleted fraction P,., of
each patient were normalized by dividing through the
standard deviation ¢ of each family as determined in a
cohort of healthy donors [33] to avoid different weighting
of V3 alterations due to different physiological expression
and variability as well as different amplification efficacies
of the qRT PCR reactions (normalized difference

AP, = %) For patient 15 the average values from
both enrichment assays were used.

For statistical testing, normalized percentages P’; were
considered as independent. To address the question whe-
ther V11 was significantly higher in the specific fractions
of the four tested patients, a single one-tailed one-sample

Wilcoxon signed ranks test was performed on AP’y ;.

Cloning and sequencing of TCR Vf11

Vp-family 11 containing CDR3pf regions were amplified
from cDNA by conventional PCR using a forward primer
annealing to ‘framework region 3’ and a reverse primer
annealing to the constant chain C [33]. In two patients,
additionally alternative primers were used (HBV21-2: AgA
CTC CAC TCT CAA gAT CCA g, HBCrv-2: TCT CTg
CTT CTg ATg gCT CA). All PCR reactions were set up in
a template tamer (Qbiogene, QC, Canada) to prevent cross-
contamination. PCR products of the right fragment size
were excised out of agarose gels and purified using a
QIA-EX II-kit (Qiagen). Fragments were cloned into a
pCR2.1-TOPO vector and transformed into TOP10’ using
TOPO TA Cloning kit (Invitrogen). After linearization by
EcoR I digestion, plasmids were sequenced commercially.

IMGT/V-quest tool [34] was used for identification of
the D and J segment in each sequence. Alignment of the

CDR3f AA sequences was performed with CLUSTAL
2.0.12 multiple sequence alignment tool. Similarities
between the CDR3f sequences were identified calculating a
phylogram using the neighbor joining (NJ) algorithm [35].

Deviation of the CDR3p lengths in patients 1, 6, and 15
were compared to the CDR3 repertoire of all other patients
using aggregated means of the respective patients and the
aggregated mean of the CDR3 lengths of all other patients.
The latter did not deviate significantly from normal dis-
tribution according to Kolmogorov—Smirnov test. The
mean CDR3 lengths of patient 1, 6, and 15 were tested
separately against all other patients using a two-tailed one
sample ¢ test. Abundances of CDR3f sequences were
compared using two-tailed Mann—Whitney U tests. In
t tests and U tests, P-values <0.01 were considered
significant in accordance to a Bonferroni correction for
multiple testing.

Clone-specific qRT PCR

RT PCR quantification of the predominant i chain of
patient 1 with primers/probes spanning the junctions
between the V, J, and C segment as described [29] was
applied to the BM samples of patient 1 as positive control
as well as on BM samples of 15 other patients. These
samples were identical with the samples used for cloning
and sequencing.

Results

Restricted Vf usage in the WT154_134-specific
T-cell compartment

In our previous work we identified a Vf11-positive pre-
dominant TCR f chain in the WT1-specific repertoire of an
AML patient (patient 1) after peptide vaccination with
corresponding Vf-usage restriction [29]. To address the
question of whether the predominant usage of V11 in
the specific CTL population of patient 1 could be found
in other vaccinated HLA A*0201-positive patients, we
selected four patients with clinical response to the vaccine
and a high percentage of WTI1 ¢ j34-specific CTLs in
peripheral blood (PB) and analyzed PB samples collected
2-6 months after vaccination start. Patient characteristics
are given in Table 1. Two patients fulfilled the criteria for
tetramer response at the time of sample collection; the two
others had baseline T-cell responses before vaccination
start as defined by Keilholz et al. [2] (data not shown).
Comparative Vf family quantification after epitope-
specific enrichment was performed for five pairs of samples
(enrichment by tetramer: patient 6, 8, 15, 20, enrichment by
secretion assay: patient 15).
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Comparing each single Vf family of the specific and the
non-specific T-cell fractions of each sample, we found a
strong bias in Vf5 usage of the WT1-specific CTL fraction
towards Vf11 in all four analyzed patients (Fig. 1a).

Table 1 Samples of peripheral T cells for epitope-specific enrichment: patient characteristics

Normalized percentages of V11 were significantly higher
in the specific CTL fractions (P = 0.034). In all patients,
the normalized difference of Vf11 was higher than the
difference of any other V[ family, reflecting a pronounced

Patient no. Diagnosis Clinical response® No. of vac before Months between vac start WT1.A2+4 cells per
sample collection and sample collection CD3/CD8+ cells in PB (%)
6 sAML from MDS SD 10 months 10 3 0.47
8 AML M5 SD 3 months 9 4 0.22
15% AML M2 CR 41+ months 9 4 0.70
20 sAML from MDS SD 5 months 4 2 2.11

AML acute myeloid leukemia, CR complete remission, MDS myelodysplastic syndrome, SAML secondary AML, SD stable disease, vac

vaccination

* CTLs of this patient were enriched both by tetramer staining and IFNy secretion

° Modified response criteria as proposed by Keilholz et al. [2]

Fig. 1 Expression differences
of the Vf§ families between the
positive fractions of epitope-
specific enrichment procedures
and the negative (depleted)
fractions of patients 6, 8, 15,
and 20. a Relative expressions
P of the quantified Vf families;
b standard deviations of each
family as determined in a set
of 20 healthy controls;

¢ normalized differences AP’
calculated as described in
methods. In patient 15, mean
values from secretion assay and
tetramer staining-based
enrichment were used
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type 1 bias in the CTL population specific for the vacci-
nation epitope (Fig. 1c). In patient 15, V11 displayed the
highest normalized difference both after tetramer enrich-
ment and IFNy secretion assay.

The predominant CDR3f phenotype is detectable
in two other patients

After the detection of this type 1 bias, we asked the
question of whether the WTI-specific predominant
p-CDR3 AA sequence of patient 1 could be detected in the
VB11-positive TCR repertoire of other AML patients vac-
cinated with the identical single class I peptide. For this
purpose, BM samples of 19 vaccination patients including
patient 1 and PBMC samples of 6 healthy controls were
processed for sequencing of Vf11 containing TCR f
chains. Cloning of Vf11 sequences from BM was not
successful in two patient samples. Patient characteristics of
all others are given in Table 2. Of the 17 patients analyzed,
7 fulfilled the criteria for tetramer response in BM at the
time of sample collection; 2 additional patients had base-
line T-cell responses in BM before vaccination start as
defined by Keilholz et al. [2] (data not shown). Further-
more, Vf11 containing TCR f chains from both enrich-
ment fractions of patients 6, 8, 15, and 20 were cloned and
sequenced. Altogether 487 sequences translating to func-
tional CDR3f loops were evaluable (232 BM samples with
7-19 sequences per patient, 178 sequences of sorted CTLs
with 2641 sequences per sample pair, and 77 from healthy
controls with 7-18 sequences per donor, Supplementary
material).

The predominant WT1-specific clonotype of patient 1
originally identified in a PBMC sample coded for a CDR3p

Table 2 Bone marrow samples: patient characteristics

Age (range, median) 22-83, 70

Gender (female/male) 9/8

Diagnoses
AML (not classified)
AML FAB M1
AML FAB M2
AML FAB M4
AML FAB M5
AML FAB M7
SAML from MDS
MDS

Months between vaccination start and sample
collection (range, median)

_— N = = W W N

2-12,7

Number of vaccination cycles before sample 3-13,9

collection (range, median)

AML acute myeloid leukemia, FAB French-American-British, MDS
myelodysplastic syndrome, sSAML secondary AML

loop of only nine-AA length with no detectable D segment
(Fig. 2a). In the study reported here, this predominant
genotype was detected in 14 out of 17 analyzed sequences
of the BM sample of the respective patient; two of the three
remaining sequences coded for CDR3 loops closely related
to the predominant phenotype (Fig. 2b).

Of all analyzed sequences, only 42 (9%) coded for a
CRD3 loop of nine-AA length, with 22 of these containing
the same J segment (TRBJ2-1). Shorter CDR3 loops were
not detected in any of the samples. We found the pre-
dominant CDR3f; phenotype in two other patients (patient
6, patient 15, Fig. 2b). Neither of these two patients had a
significant CDR3 loop length restriction in V11 towards
shorter CDR3 loops as observed in patient 1 (P < 0.001).
In all three cases, the AA sequence was coded by the
identical near-germline recombination of non-mutated V and
J with two random nucleotide additions at the V—J junction.
This uniformity on the nucleotide level is due to the fact that
in case of non-mutated V and J segments, there is only one
possible combination of random nucleotides to generate an
AA sequence with an acidic side chain at position 108
(IMGT [36], Fig. 2a).

We performed qRT PCR specific for the predominant
clone of patient 1 in BM samples of patient 1 as positive
control and of 15 other patients. None of the PCRs tested
negative, but all 15 patients had normalized expressions
two to four orders of magnitude lower than measured in the
BM of patient 1 (Fig. 2c).

No other CDR3p sequences with similar chemical
properties detected in other patients

To address the question of whether we could find CDR3f
loops with physiochemically closely related properties,
the 42 CDR3p loops with nine-AA length were aligned
and clustered regarding their chemical properties, polar
(hydrophilic) and non-polar (hydrophobic), with polar
subdivided into neutral, basic, and acidic. Excluding the
predominant phenotype of patient 1, 11 sequences were
identified sharing the chemical properties of the predomi-
nant phenotype at least in 7 of the 9 AA positions. How-
ever, none had an acidic side chain at position 108, and
only three CDR3 loops shared chemical properties in at
least two AAs of the three central AAs of the loop with the
predominant sequence (Fig. 3).

CDR3p sequences from the epitope-specific fractions
are shared between different vaccinated patients

Evaluating the translated sequences of the CDR3f loops,
we found 267 sequences appearing once, 49 sequences
appearing twice, and altogether 25 with higher abundance
up to 16 identical CDR3 loops in case of the predominant
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Fig. 2 Analysis of all clones coding for a CDR3p loop nine AAs in
length. a Genotype and AA sequence of the predominant TCR Vf
chain observed in patient 1. V11 and Jf2-1 appear non-mutated; no
recombined D is detectable. The two random nucleotides reflect the
only combination resulting in an acidic side chain at position 108.
b Neighbor joining (NJ) phylogram of all 5 CDR3 phenotypes of nine
AA length. AA sequences identical to the predominant one were
found in two other patients (patient 6, patient 15). Two sequences
closely related to the predominant one were detected in patient 1.
Further closely related sequences were not observed in either other
patients or healthy controls (H1-H5). Sample nomenclature: bm bone
marrow, pb peripheral blood, sp/sn secretion assay positive/negative,
tp/tn tetramer positive/negative. ¢ qRT PCR quantification of the
predominant f§ chain of patient 1. Shown are means of duplicates from
bone marrow samples of patient 1 as positive control and from bone
marrow samples of 15 other vaccination patients. Data are normalized
with prophobilinogen deaminase (PBGD)

AA sequence of patient 1. In order to detect other shared
specific CDR3 loops, we evaluated the sequences of patient
6, 8, 15, and 20. While observing six different CDR3p
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Fig. 3 Physiochemical properties of -CDR3 loops nine AAs in
length. Shown are the CDR3 loops with an AA sequence sharing the
chemical properties polar (neutral, basic, acidic) and non-polar with
the predominant CDR3 loop of patient 1(*) at least in seven of the
nine AA positions. No other CDR3 /3 AA sequence had an acidic side
chain at position 108. Only three phenotypes shared chemical
properties in at least two AAs of the three central AAs of the loop
(IMGT position 108, 109, 114) with the predominant phenotype of
patient 1. Sample nomenclature: see legend of Fig. 2

loops in the epitope-specific fraction of two different
patients, none of the CDR3 sequences found in the depleted
fraction were detected in a second patient. All shared AA
sequences in the enriched fractions were detected in the
BM of at least one additional patient.

Given the tetramer response in BM in half of the
patients ([2] and data not shown) and the pronounced
VP11 restriction observed in four out of four patients,
we expected certain CDR3f sequences found in the
specific CTL fractions to appear in the BM of other
patients. All sequences obtained from negative fractions
were compared with the sequences obtained from the
enriched fractions. Sequences that were detected in both
at least one negative and at least one positive fraction
were not considered. Sequences from the specific frac-
tions were found to have higher copy numbers in BM
samples (P < 0.001). Because this result could be biased
by the reduced diversity of the specific fractions, we
considered only the number of different patients the
CDR3 loops were detected in, which was higher for
sequences obtained from the specific fractions compared
to the ones from the depleted fractions (P < 0.001,
Fig. 4).
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patients. a Overall occurrence (P < 0.001); b number of patients in
whom the identical § CDR3 loop could be detected (P < 0.001)

Discussion

In this work we analyzed the WT1,6_134-specific TCR f
repertoire in AML patients who had received a vaccination
with the respective peptide. In a previous work we reported
a predominant vaccine-induced WT1-specific T-cell clone
represented by a Vf11-positive TCR f chain in one of
these patients (patient 1) [29]. In that particular patient, the
expansion of the mentioned T-cell clone was associated
with an impressive clinical response. In the actual study,
we analyzed T cells of four other patients vaccinated with
the same WT1 peptide. Comparing the TCR Vf repertoire
of the WT1-specific T cells with the non-specific reper-
toire, we observed a bias in the Vf usage of the WTI-
specific CTLs towards the same V[ family 11 in all four
patients. Subsequent sequencing the Vf11-positive TCR f§
repertoire in BM of 17 vaccinated patients, we found the
WT1-specific f chain of patient 1 in two other patients.
Characterizing the TCR repertoire in different cell
compartments and subpopulations on a molecular level
without generating T-cell clones has both its advantages
and drawbacks. T-cell cloning always harbors the possi-
bility of in vitro selection leading to T-cell clone sets not
reliably reflecting the respective TCR repertoire in vivo.
This bias can be circumvented by characterizing f§ tran-
scripts directly ex vivo. On the other hand, analyzing

cDNA pools makes it impossible to match corresponding
o and f chains. It remains an open question whether the
o/f chain pairing plays a critical role in context with inter-
individual sharing of TCR features. However, published
T-cell clones with public CDR3f motifs reactive against
viral epitopes and autoantigens all were restricted to a
single Vo family [10, 14-16, 37]. The same Vu restriction
was observed in case of the NY-ESO-1 reactive CTL
clones described by Derre [28]. Analyzing TCRs against
Melan-A, Serana and colleagues did not address the
o pairing in their meta-analysis, but re-evaluating the lit-
erature this publication was based on, we identified five
o chains corresponding to the shared CDR3 motif in
four different patients all containing the same Vo family
[27, 38]. It has been shown in a transgenic mice model that
fixation of a single f chain results in selection of a single
Vo and Jo with a highly restricted CDR3a sequence [39].
Estimating the human aff TCR diversity, Arstila and col-
leagues guessed that in the antigen experienced T-cell
population, each o chain might pair with a unique f chain
[40]. Considering these facts, it can be concluded that in
case of a completely identical f chain being found in two
different individuals, it has to be considered as almost
certain that the respective TCRs would share the same
specificity. Consequently, we decided to focus our reper-
toire study on the TCR f transcripts.

For MDS it has been shown that the oligoclonal
expansion of WT1-specific T cells can result in detectable
changes in the percentage of a few Vf families, and highly
abnormal TCR Vf spectrotypes in the BM of MDS patients
have been found to be associated with higher expression
levels of WT1 [41, 42]. In the actual study, however, we
did not address the question of a potential global TCR
repertoire disturbance as a result of the WT1-peptide vac-
cination. Because of the low frequency of the specific cells
and the likely event of a polyclonal peptide-specific CTL
population, a vaccine-induced T-cell expansion would not
have been detectable in a Vf-family quantification of
unsorted PBMCs [2]. Furthermore, it would have been
impossible to distinguish between vaccine-induced T-cell
responses and spontaneous expansions of T cells with other
specificities. Because we wanted to analyze the T-cell
fraction specific for the vaccine-peptide selectively, we
performed an epitope-specific enrichment of the T cells
prior to the V3 quantification step and separately compared
the relative expression of each Vf§ family in the enriched
and the depleted fraction of the same clinical specimen.
This approach generated a reference data set (the non-
specific fraction) for each specimen, which could be used
for direct comparison and, as a consequence, enhanced the
sensitivity of the assay for Vf usage restriction.

The occurrence of inter-individually shared immuno-
dominant TCR V selection (type 1 bias) is a phenomenon
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commonly observed in context with viral infection and
autoreactivity. Although we could observe an impressive
increase of the V11 usage in the epitope-specific T-cell
fraction of all four patients analyzed, the Vf11-positive-
specific CDR3 repertoires were polyclonal in all patients in
spite of the detection of the predominant clonotype of
patient 1 in two of them. This is in good accordance with
the finding of Yokosuka et al. [39] demonstrating that in a
system with a fixed a chain and random but V-restricted f§
chain usage, epitope reactivity could be detected in 35% of
the pairings. Considering published shared clonotypes and
our own unpublished data, it appears that shared Vpf
restriction and CDR3f motifs are partially independent
events rather than public VJ restriction being an obligatory
precondition for public CDR3f motifs [14, 43]. Accord-
ingly, the shared Melan-A CDR3 motif identified by
Serana et al. [43] was detected in clones containing
seven different Vf families. Furthermore, we found in the
epitope-specific enriched fraction from BM of patient 8 a
highly restricted V29-1-positive CDR3p repertoire with a
predominant clone with the same J usage and random
nucleotides as in the predominant clone of patient 1
resulting in a six-AA consensus motif including the central
acidic residue (type 2 bias, data not shown).

Vaccinating with a non-mutated self-antigen, one has to
assume the stimulation of a negative selected population,
i.e., a T-cell population with limited avidity. Self-antigens
have been shown to elicit public V usage restriction and to
select shared CDR3 motifs in context with autoimmune
diseases [16]. Burrows showed negative selection of a
shared TCR against an immunodominant EBV epitope
resulting in the diversification of the remaining TCR rep-
ertoire with preserved inter-individual sharing. These data
suggest that beyond a certain threshold, avidity may be a
secondary factor effecting public TCR structures [14, 16].
It appears that the ‘publicity’ of a TCR depends on the
number of patients under investigation and the percentage
threshold of patients bearing a given feature [44]. Ana-
lyzing type-1-biased responses specific for a single pMHC
as in our study should be a suitable condition for detecting
low abundant sharing of non-dominant CDR3f loops
because of the estimated limited diversity of the reactive
repertoire. The significantly higher copy numbers and
inter-individual sharing of sequences from the specific
fractions observed in our patient population support the
notion that a certain level of sharing of TCR structures
happens even within polyclonal low avidity T-cell
responses.

The grade of publicity seems to be, among others,
dependent on precursor frequency, which is a function of
both the possible number of recombinatorial events leading
to the underlying nucleotide sequence and the number of
transcripts coding for the same CDR3 phenotype [45].
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The random deletion of an entire D segment has to be
considered a highly improbable event [46]. Thus, in case of
the predominant clonotype in patient 1, we must assume a
direct VJ recombination limiting the number of random
nucleotide combinations coding for the phenotype to a
single one. It remains elusive whether or not the detection
of a single copy of the predominant phenotype in two other
patients has to be considered as subdominant expansion or
reflection of an unusual high precursor frequency. Robins
et al. [46] showed that the frequencies of the different
CDR3 sequences in an individual could vary more than
10,000-fold, and a low number of random deletions and
insertions as seen in the predominant clone of patient 1 was
associated with high abundance. On the other hand, the
restriction to a single pMHC corresponds with a small
specific precursor pool and therefore reduced competition.
Given the fact that clonal dominance is dependent not only
of avidity but also of precursor competition, co-stimulatory
context, and peripheral inhibition [21, 47-49], in the latter
context the selection into the reactive T-cell pool appears
to be likely as soon as the respective precursor is generated.

In conclusion, we provide the first data on the TCR
repertoire of epitope-specific T cells in patients with AML
undergoing single peptide vaccination with WT1 26 134
observing a type 1, type 2, and type 3 T-cell repertoire bias
as defined by Turner [22]. We proved inter-individual
sharing of Vf family restriction in the WT1-specific cell
compartment and could detect the predominant specific
TCR f chain of one patient in two other patients after the
start of the vaccination treatment. Further analyses are
needed regarding the corresponding o chains and TCR
avidities, but our observations lead to the conclusion that
single epitope peptide vaccination against a WT1 epitope
results in the selection of public TCR structures.
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