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WT1 (Wilms’ tumor gene 1) protein is a potent pan-tumor-associ-
ated antigen (TAA) and WT1-specific cytotoxic T lymphocytes (WT1
tetramer+ CD8+ T cells) are spontaneously induced in patients with
acute myeloid leukemia (AML) or myelodysplastic syndrome
(MDS). We conducted a single-cell level comparative analysis of
T-cell receptor b-chain variable region (TCR-BV) gene families of a
total of 1242 spontaneously induced WT1 tetramer+ CD8+ T cells in
HLA-A*2402+ patients with AML or MDS and those in healthy
donors (HDs). This is the first report of direct usage analysis of
TCR-BV gene families of individual TAA-specific CD8+ T cells at sin-
gle-cell level. Usage analysis using single-cell RT-PCR of TCR-BV
gene families of individual FACS-sorted WT1 tetramer+ CD8+ T cells
showed for the first time (i) that BVs 5, 6, 20, and 27 were com-
monly biased in both HDs and patients; (ii) that BV4 was com-
monly biased in HDs and MDS patients; (iii) that BV19 was
commonly biased in the patients; and (iv) that BVs 7 and 28, BVs 9
and 15, and BVs 12 and 29 were specifically biased in HDs, AML,
and MDS patients, respectively. However, statistical analysis of
similarity among HD, AML, and MDS of individual usage frequen-
cies of 24 kinds of TCR-BV gene families indicated that the usage
frequencies of TCR-BV gene families in AML and MDS patients
reflect those in HDs. These findings represent a novel insight for a
better understanding of WT1-specific immune response. (Cancer
Sci 2010; 101: 594–600)

W ilms’ tumor gene WT1, which was originally isolated as
a gene responsible for a pediatric neoplasm, Wilms’

tumor, encodes a zinc finger transcription factor that is essen-
tially involved in the regulation of cell proliferation and differ-
entiation.(1–4) Although the WT1 gene was first categorized as a
tumor-suppressor gene, we proposed, based on accumulated
experimental evidence, that the wild-type WT1 gene played an
oncogenic rather than a tumor-suppressor function in leukemo-
genesis and tumorigenesis. In fact, overexpression of the wild-
type WT1 gene was observed in acute myeloid leukemia (AML),
acute lymphoblastic leukemia, chronic myelogenous leukemia,
myelodysplastic syndrome (MDS), and various kinds of solid
tumors.(5–7)

Mice immunized with WT1 peptide or WT1 cDNA rejected
challenges by WT1-expressing tumor cells and survived with no
signs of auto-aggression against normal organs that physiologi-
cally expressed WT1.(8,9) In humans, WT1-specific cytotoxic T
lymphocytes (CTLs) that could specifically lyse WT1-expressing
tumor cells with an HLA class I restriction were generated
in vitro(10–12) and detected in patients with hematopoietic malig-
nancies. Furthermore, WT1 antibodies were detected at higher
frequencies and titers in patients with hematopoietic malignan-
cies than in healthy donors.(13,14) These findings indicated that
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the WT1 protein was highly immunogenic and could be a
promising target antigen for cancer immunotherapy, that is a
tumor-associated antigen (TAA). In fact, we and others
performed clinical studies of WT1 peptide vaccination for can-
cer patients and reported induction of WT1 peptide-specific
immunological responses such as an increase in frequencies of
WT1 tetramer+ CD8+ T cells in peripheral blood (PB) and resul-
tant clinical responses, including a decrease in leukemic blast
cells and reduction in solid tumor size.(15,16) These results
prompted us to analyze WT1-specific CTL responses in detail in
the hope that this would be very useful for further elucidation of
TAA-specific immune responses in cancer patients.

In order to analyze TAA-specific CTL responses, it is impor-
tant to examine both their quantitative aspects, such as frequen-
cies of TAA tetramer+ CD8+ T cells, and their qualitative
aspects, such as clonality. One of the qualitative analyses
involves defining the clonality of TAA tetramer+ CD8+ T cells.
So far, several studies about T-cell receptor (TCR) usage of
TAA-specific T cells have used TCR b-chain variable region
(TCR-BV) gene family-specific monoclonal antibodies (mAbs)
or PCR with primers directed for the BV gene families.(17–27) As
for TCR usage in HLA-A2+ melanoma patients, some investiga-
tions reported that melanoma-associated antigen (Melan-A)-spe-
cific CD8+ T cells in PB or tumor sites showed selected usage of
TCR-BV gene families, such as BV14,(17,20,23,24) while others
reported no such selected usage.(25–27) Overall, knowledge con-
cerning the TCR usage of TAA-specific T cells remains limited,
although the occurrence of very selected TCR usage of viral
antigen-specific T cells is well known.(28,29)

In the study reported here, we conducted a single-cell level
comparative analysis of the usage of TCR-BV gene families of
individual FACS-sorted WT1 tetramer+ CD8+ T cells in HLA-
A*2402+ patients with AML or MDS and in healthy donors
(HDs), and describe biased usage of the TCR-BV gene families
in the patients, which probably reflects biased usage in HDs.

Materials and Methods

PB samples from patients and healthy donors. After informed
consent was obtained, PB samples were obtained from four
AML patients (AML-1, -2, -3, and -4), four MDS patients
(MDS-1, -2, -3, and -4), and five HDs. A summary of patients’
clinical data and healthy donors’ information is presented in
Table 1. Peripheral blood mononuclear cells (PBMCs) were
isolated by density centrifugation using Ficoll-Hypaque
doi: 10.1111/j.1349-7006.2009.01453.x
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Table 1. Patients’ and healthy donors’ characteristics

ID Gender Age Disease Prior therapy
Disease

status

Residual disease

detected by RT-PCR

Patients AML-1 F 55 AML without maturation Chemotherapy, WT1

vaccination

2nd CR (High levels of WT1)

AML-2 F 66 AML with maturation Chemotherapy 1st CR (High levels of WT1)

AML-3 M 64 AML with t(8; 21)(q22; q22) Chemotherapy 2nd CR (Positivity of AML1 ⁄ ETO)

AML-4 F 45 AML with t(15; 17)(q22; q12) Chemotherapy 2nd CR (Positivity of PML ⁄ RARa)

MDS-1 M 62 Secondary MDS, chronic

myelomonocytic leukemia

Chemotherapy for

prior AML

– (High levels of WT1)

MDS-2 M 66 MDS, refractory anemia with

excess blasts-2

Best supportive care – (High levels of WT1)

MDS-3 M 69 AML transformed from MDS Chemotherapy 1st CR (High levels of WT1)

MDS-4 M 58 MDS, refractory anemia with

excess blasts-2

Best supportive care – (High levels of WT1)

Healthy donors HD-1 F 23

HD-2 M 24

HD-3 M 30

HD-4 F 25

HD-5 F 26

AML, acute myeloid leukemia; CR, complete remission; ETO, eight twenty one; HD, healthy donor; MDS, myelodysplastic syndrome;
PML, promyelocytic leukemia; RARa, retinoic acid receptor-a; WT1, Wilms’ tumor gene 1.
(Pharmacia, Uppsala, Sweden) and then frozen in liquid nitrogen
until use.

Flow cytometric analysis and single-cell sorting of WT1
tetramer+ CD8+ T cells. PBMCs were stained with PE-labeled
HLA-A*2402-WT1235 tetramer (MBL, Tokyo, Japan) at 37�C
for 30 min and then with a panel of fluorescence-labeled mono-
clonal antibodies (mAbs) for 25 min on ice in the dark, and were
finally FACS analyzed after washing with FACS buffer (phos-
Table 2. Sequences of primers for PCR amplification

2nd Mix TRBV

PCR forward primers (TCR-BV gene

family -specific primers)

S1

S2

S3

S4

S5

S6

S7

S8

Reverse primer sequence (5¢–3¢) 1st-PCR (3¢B
Screening and specifyi

†TCR-BV gene names are in accordance with IMGT unique gene nomencla
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phate-buffered saline containing 2% FBS). For this staining pro-
cedure, the following mAbs were used: anti-CD4-, CD14-,
CD34-FITC, anti-CD3-PerCP (BD Bioscience, San Jose, CA,
USA), anti-CD56-FITC (eBioscience, San Diego, CA, USA),
anti-CD16-, CD19-, CD33-FITC, anti-CD8-APC-Cy7, anti-
CD45RA-APC, and anti-CCR7-PE-Cy7 (BD Pharmingen, San
Diego, CA). In this study, lineage antigens (CD4, CD14, CD16,
CD19, CD33, CD34, and CD56)-negative, CD3-, CD8-, and
gene names† Forward primer sequence (5¢–3¢)

TRBV9 ACAGCAAGTGAC<TAG>CTGAGATGCTC

TRBV5

TRBV25 GATCACTCTGGAATGTTCTCAAACC

TRBV10 CCAAGACACAAGGTCACAGAGACA

TRBV20 GAGTGCCGTTCCCTGGACTTTCAG

TRBV28 GTAACCCAGAGCTCGAGATATCTA

TRBV2 GGTCACACAGATGGGACAGGAAGT

TRBV29 TCCAGTGTCAAGTCGATAGCCAAGTC

TRBV7 ATGTAACT<CT>TCAGGTGTGATCCAA

TRBV27 GTGACCCAGAACCCAAGATACCTC

TRBV7 GTGTGATCCAATTTCAGGTCATAC

TRBV12 GGTGACAGAGATGGGACAAGAAGT

TRBV11 CAGTCTCCCAGATATAAGATTATAGAG

TRBV19 CACTCAGTCCCCAAAGTACCTGTT

TRBV30 GTCAGATCTCAGACTATTCATCAATGG

TRBV4 TACGCAGACACCAA<GA>ACACCTGGTCA

TRBV3 CCCAGACTCCAAAATACCTGGTCA

TRBV18 TGCAGAACCCAAGACACCTGGTCA

TRBV21 AAGGTCACCCAGAGACCTAGACTT

TRBV14 ATAGAAGCTGGAGTTACTCAGTTC

TRBV23 ACAAAGATGGATTGTACCCCCGAA

TRBV6 GTGTCACTCAGACCCCAAAATTCC

TRBV24 GTTACCCAGACCCCAAGGAATAGG

TRBV13 CTGATCAAAGAAAAGAGGGAAACAGCC

TRBV15 CAAGATACCAGGTTACCCAGTTTG

C) GCTTCTGATGGCTCAAACACAGC

ng-PCR (5¢BC) GGAACACGTTTTTCAGGTCCT

tures. < >, mixture of nucleotides at this position.
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HLA-A*2402-WT1235 tetramer (WT1 tetramer)-positive lym-
phocytes were defined as WT1 tetramer+ CD8+ T cells. WT1 tet-
ramer+ CD8+ T cells were single-cell sorted by FACSAria (BD
Biosciences) and data analysis was performed with FACS Diva
software (BD Biosciences).

cDNA synthesis from a single WT1 tetramer+ CD8+ T cell. WT1
tetramer+ CD8+ T cells were directly single cell-sorted into PCR
tubes with 15 lL of a cDNA reaction mix containing lysis buf-
fer (1 · cDNA buffer with 0.5% Triton X-100) with reverse
transcriptase (SuperScript III; Invitrogen, Carlsbad, CA, USA),
0.5 mM dNTPs (Invitrogen), 20 U RNase inhibitor (Invitrogen),
100 lg ⁄ mL gelatin (Roche, Indianapolis, IN, USA), 100 lg ⁄ mL
tRNA (Roche), and 200 nM TCR-b chain constant region (BC)-
specific primer (5¢-CACCAGTGTGGCCTTTTG-3¢). The sorted
samples were incubated in the cDNA reaction mix at 50�C for
90 min for cDNA synthesis, followed by further incubation at
95�C for 5 min to stop the reaction.

Semi-nested multiple PCR reaction of a single WT1 tetramer+

CD8+ T cell for identification of BV gene family. For the first
PCR, 10 lL of synthesized cDNA products was added to 40 lL
of a reaction mix containing 1 · PCR buffer, 2 mM MgCl2,
0.25 mM dNTPs, 1.25 U DNA polymerase (Platinum Taq DNA
Polymerase; Invitrogen), 5 nM of 24 kinds of BV gene family-
specific forward primers (IMGT human TCR gene database site:
http://imgt.cines.fr), and 5 nM 3¢BC reverse primer (Table 2).
(a)

Fig. 1. Increase in WT1 (Wilms’ tumor gene 1) tetramer+ CD8+ T cells wi
of flow cytometric analysis using WT1 tetramer. The numbers at the uppe
and 56-negative and CD3-, CD8-positive gate represent the ratio of WT1 t
CD8+ T cells to total CD8+ T cells in peripheral blood mononuclear cells
(AML) (n = 4), and myelodysplastic syndrome (MDS) (n = 4) patients. B
differentiation subsets of WT1 tetramer+ CD8+ T cells. White, hatched an
Statistical significance between HDs and AML, and HDs and MDS is indicat

596
The forward primers were synthesized as previously
reported.(30) The PCR procedure for this step comprised a pre-
PCR heating step at 95�C for 2 min and 40 cycles at 94�C for
45 s (denaturation), at 57�C for 45 s (annealing), and at 72�C
for 50 s (extension). For the screening of the BV gene family,
the first PCR product was subjected to second-round screening
PCR. One lL of the first PCR products was added to eight sepa-
rate tubes, each of which was filled with 24 lL of a reaction
mix containing 1 · PCR buffer, 2 mM MgCl2, 0.2 mM dNTPs,
1.0 U Taq polymerase, 150 nM each of eight kinds of screening
sets of BV gene family-specific forward primers (S1–S8,
Table 2), and 150 nM 5¢BC reverse primer (Table 2). The PCR
procedure for this step consisted of a pre-PCR heating step at
95�C for 2 min and 35 cycles at 94�C for 45 s, at 57�C for 45 s,
and at 72�C for 40 s. Five lL of each screening-PCR product
was run on 2% agarose gel to identify the positive reaction
among the eight kinds of screening sets. Next, to identify the
BV gene family, the second-round specifying PCR was per-
formed by using individual 150 nM BV gene family-specific for-
ward primers that were contained in the positive screening set.
Finally, BV gene families were directly identified by their posi-
tive bands (approximately 300–350 bp) with electrophoresis of
the samples on 2% agarose gel. For negative control, three tubes
without sorted cells were prepared and subjected to the same
RT-PCR procedures as those described above.
(b)

(c)

th more maturated phenotypes in patients. (a) Representative profiles
r-right corners in dot plots of lineage antigens CD4, 14, 16, 19, 33, 34

etramer+ CD8+ T cells to total CD8+ T cells. (b) Ratios of WT1 tetramer+

(PBMC)s of healthy donors (HDs) (n = 5) and acute myeloid leukemia
ars represent medians; n.s., not significant. (c) Frequencies of four
d black columns represent HDs, AML, and MDS patients, respectively.
ed by asterisks (*P < 0.05).
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Fig. 2. Usage frequencies of T-cell receptor b-chain variable region
(TCR-BV) gene families in WT1 (Wilms’ tumor gene 1) tetramer+ CD8+

T cells. Usage frequencies (%) of each member of the BV gene family
in WT1 tetramer+ CD8+ T cells of five healthy donors (HDs) and four
acute myeloid leukemia (AML) and four myelodysplastic syndrome
(MDS) patients. Black and white columns represent the TCR-BV gene
families with usage frequencies above and below mean values + 1SD,
respectively.
To distinguish BV5 and BV9 gene families, PCR products
identified by 5¢-ACAGCAAGTGAC<TAG>CTGAGATGCTC-
3¢ forward primer were sequenced as described elsewhere,(30)

because this forward primer detects both the BV5 and BV9 gene
families (Table 2). The two gene families were differentiated by
identification of the BV gene family-specific sequence.

In this experiment, we analyzed BV gene family usages of a
total of 1242 WT1 tetramer+ CD8+ T cells: 405 cells from five
HDs (75, 71, 96, 76, and 87 from HD-1, -2, -3, -4, and -5,
respectively), 403 cells from four AML patients (99, 105, 98,
and 101 from AML-1, -2, -3, and -4, respectively), and 434 cells
from four MDS patients (103, 126, 109, and 96 from MDS-1, -2,
-3, and -4, respectively).

Statistical analysis. The nonparametric Mann–Whitney’s two-
tailed U-test was used for the evaluation of the statistical signifi-
cance of differences in WT1 tetramer+ CD8+ T-cell frequencies
or CTL differentiation subsets between HDs and either AML or
MDS patients.

Statistical significance of the difference in usage frequencies
(%) of the 24 kinds of BV gene families among HDs, AML, and
MDS was assessed by one-factor ANOVA or the Kruskal–Wal-
lis test. Usage frequencies of BVs 3, 5, 7, 11, 14, 20, 23, 25, and
27 were compared among HDs, AML, and MDS by one-factor
ANOVA, and those of the other BV family usages were
compared by using the Kruskal–Wallis test. Furthermore, the
Tukey–Kramer post-hoc test was used to assess the difference in
BV20 gene family usage among HDs, AML, and MDS.

Results

Increase in WT1 tetramer+ CD8+ T cells with effector
phenotypes in patients with AML and MDS. For an examination
of CTL responses to the WT1 CTL epitope peptide, PBMCs
were FACS-analyzed by using the WT1 tetramer (Fig. 1). Fig-
ure 1a shows the representative profiles of WT1 tetramer+ CD8+

T cells in PBMCs of a healthy donor and two patients. Frequen-
cies of WT1 tetramer+ CD8+ T cells were 0.03–0.11% for AML
patients, 0.02–0.52% for MDS patients, and 0.01–0.05% for
HDs, and thus significantly (P < 0.05) higher for the patients.
However, the difference in frequency between the HDs and
either AML or MDS patients was not significant because of the
small number of patients (Fig. 1b).

CD45RA and CCR7 expression is used as the basis for the
phenotypical subdivision of human CD8+ T cells into naı̈ve
(CD45RA+ CCR7+), central-memory (CD45RA) CCR7+),
effector-memory (CD45RA)CCR7)), and terminal effector
(CD45RA+ CCR7)) cells.(31) These surface markers were used
in our study to analyze the phenotypes of WT1 tetramer+ CD8+

T cells. Frequencies of naı̈ve phenotype-bearing WT1 tetramer+

CD8+ T cells were significantly higher in HDs (80.0 ± 8.4%)
than in AML patients (12.5 ± 16.3%, P < 0.05) and MDS
patients (11.2 ± 1.7%, P < 0.05) (Fig. 1c). In contrast, frequen-
cies of effector-memory phenotype-bearing WT1 tetramer+

CD8+ T cells were significantly higher in AML patients
(58.4 ± 30.7%, P < 0.05) and MDS patients (30.7 ± 13.2%,
P < 0.05) than in HDs (4.5 ± 4.2%). In addition, frequencies of
terminal effector phenotype-bearing WT1 tetramer+ CD8+ T
cells were significantly higher in MDS patients (47.9 ± 26.5%,
P < 0.05) than in HDs (11.9 ± 5.1%).

These results thus demonstrate that WT1 peptide-specific
CD8+ T-cell responses were higher in patients than in HDs, and
that the WT1 tetramer+ CD8+ T cells featured more differenti-
ated ⁄ activated phenotypes in patients than in HDs.

Biased usage of TCR-BV gene families in WT1 tetramer+ CD8+ T
cells. TCR-BV gene families were investigated for single-cell-
sorted WT1 tetramer+ CD8+ T cells from five HDs, four AML,
and four MDS patients. Usage frequencies for a given BV gene
family were defined as the ratios of the number of WT1 tetra-
Tanaka-Harada et al.
mer+ CD8+ T cells with the usage of the BV gene family to the
total number of WT1 tetramer+ CD8+ T cells examined. When
the usage frequencies of a given BV gene family were more than
the mean values + 1SD for the usage of 24 different kinds of
BV gene families, the usage was defined as biased. BV gene
family usage is graphically shown in Figure 2.
Cancer Sci | March 2010 | vol. 101 | no. 3 | 597
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The following biased usages of TCR-BV gene families were
observed: BV4, 2 ⁄ 5 in HDs and 1 ⁄ 4 in MDS; BV5, 4 ⁄ 5 in HDs,
3 ⁄ 4 in AML, and 4 ⁄ 4 in MDS; BV6, 5 ⁄ 5 in HDs, 2 ⁄ 4 in AML,
and 4 ⁄ 4 in MDS; BV7, 2 ⁄ 5 in HDs; BV9, 1 ⁄ 4 in AML; BV12,
2 ⁄ 4 in MDS; BV15, 2 ⁄ 4 in AML; BV19, 2 ⁄ 4 in AML and 1 ⁄ 4
in MDS; BV20, 2 ⁄ 5 in HDs, 1 ⁄ 4 in AML and 4 ⁄ 4 in MDS;
BV27, 2 ⁄ 5 in HDs, 1 ⁄ 4 in AML, and 1 ⁄ 4 in MDS; BV28, 2 ⁄ 5 in
HDs; and BV29, 1 ⁄ 5 in MDS. The ratios of the number of HDs
and patients with biased usage of TCR-BV gene families in the
WT1 tetramer+ CD8+ T cells to the number of HDs and patients
examined are graphically represented in Figure 3. These results
showed that (i) BVs 5, 6, 20, and 27 were commonly biased in
HDs and patients (AML and MDS); (ii) BV4 was commonly
biased in both HDs and MDS; (iii) BV19 was commonly biased
in the patients regardless of disease types (AML or MDS); and
(iv) BVs 7 and 28, BVs 9 and 15, and BVs 12 and 29 were
biased in HDs, AML, and MDS, respectively.

Usage frequencies of TCR-BV gene families in AML and MDS
reflect those of TCR-BV gene families in HDs. As shown in
Figure 4, the statistical significance of usage frequencies of 24
BV gene families was analyzed. In all the BV gene families
except BV20, the usage frequencies were not statistically signifi-
cantly different among HDs and AML and MDS patients,
although there were more WT1 tetramer+ CD8+ T cells in AML
and MDS than in HDs, and they were more maturated in AML
and MDS than in HDs. Thus, usage frequency patterns of BV
gene families were similar for HDs, AML, and MDS. BV20
usage alone was significantly (P < 0.05) more frequent in MDS
than in HDs and AML. These results strongly indicate that the
usage frequencies of TCR-BV gene families in AML and MDS
reflect those in HDs.

Discussion

Many studies have been published about TCR-BV gene family
usage of human TAA-reactive T cells.(17–27) In these studies,
bulky lymphocyte populations were analyzed with conventional
FACS-based methods using a panel of mAbs directed against
one of the TCR-BV gene family products or with PCR-based
methods using a panel of TCR-BV gene family-specific primers.
The former methods cannot cover all of the BV gene segments
distributed in each BV gene family, while the latter do not guar-
antee that all the TCR-BV gene families are amplified with
equal efficiency because of variations in PCR amplification of
598
cDNA from bulky lymphocyte populations.(32) For example,
TCR-BV gene families of T cells that exist at very low frequen-
cies are easily missed by these PCR methods.(27) However, since
our study was performed at the single-cell level using WT1 tet-
ramer+ CD8+ T cells instead of bulky lymphocyte populations,
the shortcomings of the conventional methods described above
could be overcome. Furthermore, since amplification efficiency
of TCR-BV cDNA from a single WT1 tetramer+ CD8+ T cell
was more than 80% (data not shown), it appears that our results
directly reflect TCR-BV gene family usage in WT1 tetramer+

CD8+ T cells in PB.
Frequencies of WT1 tetramer+ CD8+ T cells were higher for

patients with AML or MDS than for HDs, and the phenotypes of
the T cells were more activated and maturated in patients than
in HDs. These results strongly suggest that WT1-specific CTL
responses were robustly induced and activated in the patients,
probably due to continuous stimulation of the patients’ immune
system by the WT1 antigen of WT1-expressing leukemia cells.
Surprisingly, regardless of such a striking difference in WT1-
specific immune responses between patients and HDs, usage
patterns of TCR-BV gene families in patients were similar to
those in HDs, and patients and HDs shared the biased usage of
TCR-BVs 4, 5, 6, 20, and 27. On the other hand, TCR-BVs 9,
15, and 19, and TCR-BVs 12, 19, and 29 were specifically
biased in AML and MDS, respectively. Interestingly, five TCR-
BVs (4, 5, 6, 20, and 27) out of seven (4, 5, 6, 7, 20, 27, and 28)
with biased usage in the HDs also showed biased usage in the
patients. Taken together, these results lead us to speculate that
dominant WT1-specific CTL populations that existed prior to
the onset of AML and MDS expanded and differentiated to
maintain their dominancy in the WT1-expressing tumor-bearing
patients, while a few WT1-specific CTL populations expanded
and differentiated in an AML- or MDS-specific fashion. Further-
more, our findings seem to suggest that dominant WT1-specific
CTL populations in HDs may play an important role in immune
surveillance against tumors, and that the dominant populations
may continue to expand as a result of stimulation of the tumor-
derived WT1 protein after the initial occurrence of WT1-
expressing tumors.

TCR usage of antigen-specific T cells is thought to be influ-
enced by the affinity of the TCR to the antigen peptide ⁄ HLA
class I complex on immune cells such as dendritic cells, while a
few studies have reported that TCR usage was often influenced
by genetic factors such as HLA allele types.(33–35) For example,
Fig. 3. Usage frequencies of T-cell receptor b-chain
variable region (TCR-BV) gene families with the
biased usage. Ratios of healthy donors (HDs) and
patients with biased usage of the indicated TCR-BV
gene families to the total number of HDs and
patients examined, respectively.

doi: 10.1111/j.1349-7006.2009.01453.x
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Fig. 4. Statistical comparison between healthy donors (HDs) and patients of usage frequencies of individual T-cell receptor b-chain variable
region (TCR-BV) gene families in WT1 (Wilms’ tumor gene 1) tetramer+ CD8+T cells. Statistical significance was assessed by one-factor ANOVA or
Kruskal–Wallis test. n.s., not significant.
CTLs in HLA-A*2402+ patients with acute parvovirus B19
infection preferentially used BV5,(36) which was one of the
dominant TCR-BV gene families in the WT1 tetramer+ CD8+ T
cells used in our study. As for tumor-associated antigens,
SART-1 peptide-specific CTLs preferentially used BV7(37) in
HLA-A*2402+ patients with oral squamous cell carcinoma and
BV18(38) in HDs. CTL sublines specific to cyclophilin B estab-
lished from an HLA-A*2402+ patient with lung adenocarcinoma
preferentially used BVs 1, 15, and 16.(39) Our results and those
of other studies suggest that TCR-BV gene family usage of
CTLs mainly depends on the affinity of the interaction of the
TCR with the antigen-derived peptide ⁄ HLA class I complex,
rather than on HLA class I allele types.

Although a pre-existing higher number of WT1-specific
CTLs with effector phenotypes were activated, no damage to
the organs that physiologically expressed WT1 was observed.
A plausible explanation for this phenomenon might be low
expression of HLA class I molecules or low production of
HLA class I-restricted WT1 peptide from WT1 protein,
which resulted in low expression of HLA class I mole-
cule ⁄ WT1 peptide complex in normal cells. These issues
should be further addressed.
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A question could be raised as to whether activation of pre-
existing WT1-specific CTLs by WT1 cancer vaccine may not
provide clinical benefits because tumors have already escaped
immune surveillance by pre-existing WT1-specific CTLs. How-
ever, clonal analysis of T-cell receptors of the WT1-specific
CTLs before and after WT1 vaccination showed that the pre-
existing WT1-specific CTLs increased after the WT1 peptide
vaccination (Y. Tanaka-Harada et al., unpublished data, 2009).
Therefore, these results indicated that at least a part of the
clinical results of WT1 peptide vaccination could be ascribed to
the activation of the pre-existing WT1-specific CTLs by WT1
peptide.
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