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results of Tax-specific CD8" T cell detection by flow cytometry,
using the Tax/HLA tetramers, in the peripheral blood of 18 ATL
patients at 180 d after allo-HSCT, together with clinical infor-
mation. During this period, all patients achieved a complete chi-
mera state consisting of >95% of donor-derived hematopoietic
cells. By using four available tetramers (HLA-A*0201/Tax11-19,
HLA-A*2402/Tax301-309, HLA-A*1101/Tax88-96, and HLA-
A*1101/Tax272-280), Tax-specific CD8* T cells were found in 14
patients. Because the donors were uninfected individuals in the
majority of cases (Table I), induction of the Tax-specific donor-
derived CD8" T cells in recipients indicated the presence of newly
occurring immune responses against HTLV-1 in the recipients.
This evidence strengthens our previous observation (10, 32).

We also used a GST-Tax fusion protein-based assay to evaluate
Tax-specific T cell responses. The tetramer-based assay was lim-
ited to four kinds of epitopes and restricted by three HLA alleles
but did not detect T cells directed to other epitopes or HLAs. The
GST-Tax fusion protein-based assay can detect both CD4™ and
CD8* T cell responses, irrespective of HLA types. However, this
sensitivity is not as good as single-cell analysis by flow cytometry
(31). As shown in Fig. 1A, there was a wide variation in the IFN-y
responses to the Tax protein in the PBMCs among the 16 patients
tested. In five patients (#247, #270, #328, #340, and #349), IFN-y
production of PBMCs against GST-TaxABC proteins was very
low or not specific for the Tax protein. PBMCs from the other 11
patients (#239, #241, #301, #317, #341, #344, #350, #351, #352,
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#358, and #364) produced higher amounts of IFN-vy in response to
GST-TaxABC proteins compared with GST. However, the levels
of IFN-y production varied among the patients.

We also evaluated the extent to which Tax-specific CD4" T cells
were responsible for IFN-y in the GST-Tax-based immunoassay
system. We used PBMCs from patients #350 and #341, who
showed high Tax-specific T cell responses. CD8" cell-depleted
PBMCs from patient #350 and #341 showed a reduced but still
significant level of Tax-specific IFN-y—producing response com-
pared with whole PBMCs (Fig. 1B). These results indicate that not
only CD8" but also CD4* T cells against Tax are present in the
peripheral blood from patient #350 and #341 after allo-HSCT with
RIC.

Induction of an HTLV-1-specific CD4" T cell line from patient
#350 ’

We next attempted to induce HTLV-1-specific CD4" T cells from
the PBMCs of patient #350 at 180 d after allo-HSCT, using an
HTLV-1-infected T cell line (ILT-#350) as APCs. Freshly isolated
PBMCs were stimulated for 2 wk with Tax301-309, a dominant
CTL epitope presented by HLA-A*2402, to eliminate HTLV-1-
infected cells, which potentially existed in PBMCs. The CD4*
cells were then isolated from the cultured cells and stimulated
with formaldehyde-fixed ILT-#350 every 2-3 wk. The established
cell line was found to be a CD4" T cell line (designated as T4 cells
thereafter) because cells expressed CD3 and CD4 but not CD8
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FIGURE 1. Diversity of Tax-specific T cell responses in ATL patients who received allo-HSCT with RIC. (A and B) PBMCs from 18 ATL patients at 180 d
after allo-HSCT (A) or whole and CD8" cell-depleted PBMCs from two patients at 540 d after allo-HSCT (#350 and #341) (B) were cultured for 4 d in
the absence (open square) or presence of GST (gray square), or GST-Tax (black square) proteins. The concentration of IFN-vy in the supernatant was determined
by ELISA. The y-axis on the right side indicates the results from three patients (#241, #350, and #364). The dotted horizontal line indicates the detection limit
(23.5 pg/ml). The error bars represent SD of duplicated wells. The representative result of two independent experiments is shown in (B).
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(Fig. 2A). Because HTLV-1 has been shown to preferentially infect
CD4" T cells in vivo and in vitro (24), we examined HTLV-1 ex-
pression in T4 cells by RT-PCR (Fig. 2B). As expected, the T4 cells
did not express HTLV-1 Tax, indicating that the cells were not
infected with HTLV-1. We assessed expression of various cytokines
in T4 cells (Fig. 2C). The T4 cells were stimulated with formal-
dehyde-fixed ILT-#350 or LCL-#350. The cells produced large
amounts of IFN-y and TNF-« and small amounts of 1L-2, IL-4, and
IL-10 in response to ILT-#350 but not against LCL-#350. IL-6 and
IL-17A were not detected in the culture supernatant. These data
indicate that T4 cells are mainly HTLV-1-specific CD4* Thi-like
cells but contain minor populations to produce Th2 cytokines.

Determination of the minimum epitope recognized by T4 cells

Freshly isolated PBMCs in the patient #350 produced IFN-y in
response to GST-Tax (Fig. 1A). We expected that the epitope
recognized by the T4 cells should be present in the Tax protein.
We therefore examined whether the T4 line responded to Tax
using LCL-#350 pulsed with GST-Tax proteins as APCs. As
shown in Fig. 3A, the T4 cells produced significantly higher
amounts of IFN-vy in response to GST-TaxABC and GST-Tax-B
(residues 113-237) (31) but not GST-Tax-A (residues 1-127) (31)
and -C (residues 224-353 (31), when compared with the GST
control protein, indicating that the T4 cells recognized the central
region (residues 113-237) of the Tax Ag. We next synthesized eight
overlapping 25-mer peptides spanning the central region of Tax
(residues 103-246) and analyzed their abilities to stimulate T4 cells
(Table II). The cell line produced high amounts of IFN-y only when
stimulated with Tax154-178 (Fig. 3B). We then prepared four
overlapping 15-mer peptides, covering residues 154-178 of Tax,
to examine the IFN-v responses of the T4 cells (Table II). Both
Tax151-165 and Tax156-170-stimulated cells to induce IFN-y
responses but not at a comparable level to Tax154-178 (Fig. 3C).
These results suggest that the epitope recognized by T4 cells might
be present in the N-terminal half of Tax154-178. We therefore
stimulated the cells with Tax154-168, Tax155-169, or Tax156-170.

A -

The cells showed higher IFN-y responses against Tax154-168 and
Tax155-169 than Tax156-170, indicating that the minimum epitope
might be within residues 155-168 of Tax (Fig. 3D). To identify the
minimum epitope recognized by T4 cells, we next synthesized three
overlapping peptides of 12- to 14-mer lengths beginning at residue
155 of Tax (Table II). Tax155-167 induced IFN-vy responses in cells
at a similar level to Tax155-169 and Tax155-168, although Tax155-
166 did not (Fig. 3E). Moreover, IFN-y production of cells in re-
sponse to various concentrations of Tax155-167 was comparable to
that against Tax155-169 and Tax155-168 (Fig. 3F). These data
clearly show that the minimum epitope recognized by the T4 cells is
Tax155-167.

HLA-DRBI1%*0101 restriction of Tax-specific T4 cells

To analyze HLA class II molecules involved in the presentation of
the minimum epitope, T4 cells were stimulated with ILT-#350 in the
presence or absence of anti-HLA-DR, -DQ, and anti-HLA class I
blocking Abs. As shown in Fig. 4A, the addition of an anti~-HLA-
DR blocking Ab abrogated IFN-y responses of the T4 cells against
ILT#-350, indicating that the epitope was HLA-DR restricted.

We further investigated the HLA-DR alleles responsible for the
presentation of the minimum epitope by using four HLA-typed
LCLs displaying different HLA-DRs. As shown in Fig. 4B, the
T4 cells responded by producing IFN-y when Tax155-167 was
presented by autologous LCL-#350 (DR1/14) and allogeneic
LCL-#341 (DR1/15). These results clearly indicate that this epi-
tope is presented by HLA-DRB1*0101 on APCs. We searched for a
known HLA-DRB1*0101 motif in the identified epitope Tax155-
167 and found that this epitope contained the HLA-DRB1*0101
motif (Fig. 4C) (33).

Enhancement of Tax-specific CD8* T cell expansion by
Tax155-167-specific CD4™ T cell help

As T4 cells were established from PBMCs.of an HTLV-1-infected
patient #350, it is suggested that Tax155-167-specific CD4™ T
cells may be maintained in the HLA-DRB1#0101* patient #350.
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FIGURE 2. Phenotype and function of CD4" T cell line (T4) generated from patient #350. (A) Cell surface phenotype of T4 cells was analyzed by flow
cytometry. (B) Total RNA was extracted from LCL-#350 (lane 1), T4 cells (lane 2), ILT-#350 (lane 3), and MT-2 (lane 4). Tax mRNA expression for each
cell type was analyzed by RT-PCR. GAPDH was used as an internal control. (C) T4 cells were stimulated for 24 h with or without formaldehyde-fixed
ILT-#350 or LCL-#350 cells. The concentration of indicated cytokines in the supernatants was measured using a cytometric bead array system.
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FIGURE 3. Identification of the dominant Tax-derived epitope recognized by established T4 cells. (A) Donor-derived LCL-#350 was pulsed with GST,
GST-Tax-A, GST-Tax-B, GST-Tax-C, or a mixture of GST-Tax-A, -B, and -C (GST-TaxABC) for 24 h and then cocultured for 24 h with the T4 cells at
a responder/stimulator (R/S) ratio of 3. IFN-y production from T4 cells was analyzed by ELISA. (B and C) LCL-#350 was pulsed with the indicated
overlapping 25-mer-long (B) or 15-mer-long (C) synthetic peptides (10 wg/ml) within the Tax-B region for 1 h. Formaldehyde-fixed ILT-#350 cells were
cocultured with T4 cells for 6 h. IFN-vy in the supernatant was measured by ELISA. (D and E) IFN-y responses of T4 cells were assessed using the indicated
overlapping 12- to 25-mer-long synthetic peptides (100 ng/ml). (F) IFN-vy responses of T4 cells against indicated concentrations of 13- to 15-mer-long
peptides were assessed as in (B) and (C). (A—F) Results are representative of two or three independent experiments. The error bars represent SD of triplicate

wells. Statistical significance was analyzed by the unpaired ¢ test.

We therefore evaluated the helper function of Tax155-167-spe-
cific CD4" T cells on the expansion of dominant Tax-specific
CTLs in fresh PBMCs of the patient #350. Freshly isolated PBMCs
from patient #350 (A24/26, DR1/14) at 540 d after allo-HSCT
were stimulated for 13 d with the HLA-A24-restricted CTL epi-
tope peptide (Tax301-309) in the presence or absence of the HLA-
DRB1*#0101-restricted CD4" Th epitope peptide (Tax155-167),
and Tax-specific CD8" T cell expansion was evaluated using the
HILA-A*2402/Tax301-309 tetramer. As shown in Fig. 5, Tax301-
309-specific CD8" T cells proliferated to 9.26% of CD8* T cells
when stimulated with Tax301-309 alone. Surprisingly, a highly
elevated frequency (62.3%) of tetramer-binding CD8" T cells
was detected by in vitro costimulation with Tax301-309 and
Tax155-167, suggesting the presence of Tax155-167-specific
CD4* Th cells in patient #350.

We examined whether Tax155-167-specific CD4* T cells ex-
isted and functioned as helper cells in the other two HTLV-1-in-
fected HLA-DRB1*0101* patients after allo-HSCT (day 360 for
patient #341 and day180 for #364). These patients had detectable

levels of HLA-A*2402/Tax301-309 tetramer-binding CD8" T cells
in the peripheral blood (Fig. 5). In patients #341 and #364, the
tetramer-binding cells expanded to 7.7 and 0.849% of CD8" T cells
at 13 d of culture when stimulated with the CTL epitope peptide,
Tax301-309, alone. Costimulation of PBMCs with both peptides
Tax155-167 and Tax301-309 led to a vigorous proliferation of
tetramer-binding CD8" T cells (59.6% for patient #341 and 15.5%
for patient #364) as observed in patient #350 (Fig. 5). These results
indicate that Tax155-167-specific CD4" T cells may be present and
contribute to enhancing CD8" T cell responses in HTLV-1-infected
HLA-DRB1#0101" individuals after allo-HSCT.

Tax155-167-specific CD4* T cells were maintained in
HTLV-1-infected HLA-DRBI*0101" individuals

We next generated the HLA-DRB1#0101/Tax155-167 tetramer
to directly detect Tax155-167-specific CD4™ T cells and examined
the presence of Tax155-167-specific CD4* T cells in the PBMCs
freshly isolated from two HLA-DRB1*¥0101" patients after allo-
HSCT (day 180 for patient #350 and day 360 for patient #364).

$107 ‘07 1Hdy uo Aysioawn) A1) vAoJeN 1 /S1o founuruif mmam//:dyy wol pepeojumo(]



4388

Table II.  Synthetic oligopeptides used in this study
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Peptide

Sequence

Tax103-127
Tax120-144
Tax137-161
Tax154-178
Tax171-195
Tax188-212
Tax205-229
Tax222-246
Tax146-160
Tax151-165
Tax154-168
Tax155-169
Tax156-170
Tax161-175
Tax166-180
Tax155-168
Tax155-167
Tax155-166
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Tax155-167-specific CD4" T cells were detected ex vivo in the
patient #350 (0.11%) and proliferated to 11.6% among CD4*
T cells at 13 d poststimulation with Tax155-167 peptide. In the
patient #364, tetramer-binding CD4" T cells were undetectable in
fresh PBMCs but expanded to 0.37% by in vitro stimulation with
Tax155-167 peptide (Fig. 6A). In an HLA-DRB1*0101"—sero-
negative donor #365, Tax155-167-specific CD4™ T cells were not
found in fresh PBMCs and did not become detectable at 13 d after
stimulation with Tax155-167 peptide (Fig. 6A). This result indi-
cates that Tax155-167-specific CD4* T cells are maintained and
possesses the abilities to proliferate in response to HTLV-1 Tax in
these patients.

We further examined whether Tax155-167-specific CD4*
T cells existed in two HTLV-1-infected individuals carrying HLA-
DRB1*0101, an AC #310 and a HAM/TSP patient #294, and
detected 0.18 and 0.31% of tetramer-binding cells in peripheral

CD4* T cells, respectively (Fig. 6B). These results suggest that
Tax155-167-specific CD4* T cells are maintained in HTLV-1-
infected individuals expressing an HLA-DRB1*0101 allele, re-
gardless of HSCT.

Discussion

In this study, we demonstrated Tax-specific CD4™ T cell responses
in some ATL patients post-allo-HSCT and identified a novel
HLA-DRB1*0101-restricted CD4 T cell epitope, Tax155-167,
which was recognized by HTLV-1-specific CD4™ T cells and
consequently led to robust Tax-specific CD8* T cell expansion.
We also found that Tax155-167-specific CD4* T cells existed in
all HTLV-1-infected HLA-DRB1#0101" individuals tested, re-
gardless of HSCT, by newly generated HLA-DRB1#0101/Tax155~
167 tetramers. These results suggest that Tax155-167 might be a
dominant epitope recognized by HTLV-1-specific CD4™ T cells
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FIGURE 4. HLA-DRB1*0101 restriction of Tax155-167 recognition by established T4 cells. (A) T4 cells were cocultured for 6 h with ILT-#350 in the
presence or absence of the following blocking Abs (10 pg/ml): anti-human HLA-DR; anti-human HLA-DQ; anti-HLA-class I; or isotype control. IFN-y
production from T4 cells was measured by ELISA. (B) The T4 cells were cocultured for 6 h with autologous (#350) or allogeneic (#307, #341, and Kan)
LCLs pulsed with (closed bar) or without (open bar) Tax155-167 for 1 h or with recipient-derived ILT-#350. The HLA-DR alleles of each LCL line are
indicated in parentheses. IFN-y production of T4 cells was assessed by ELISA. (A and B) Representative data of three independent experiments are shown.
The error bars represent SD of triplicate wells. Statistical significance was analyzed by the unpaired ¢ test. (C) The amino acid sequence between residues

155 and 167 of Tax contained a putative HLA-DRB1*0101 anchor motif (33).
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FIGURE 5. Augmentation of Tax-specific
CD8" T cell expansion by costimulation with
CTL epitope and Tax155-167 peptides. PBMCs
from HLA-DRB1*0101- and HLA-A24-ex-
pressing ATL patients (#350, #364, and #341) 4384 0.11%
who underwent allo-HSCT with RIC were cul- (DR 11
tured for 13 d in the presence of DMSO, 100 nM
CTL epitope (Tax301-309), or a mixture of
Tax301-309 (100 nM) and Tax155-167 (100
nM) peptides. Data indicate percentages of
HLA-A*2402/Tax301-309 tetramer" cells among
CD3*CD8" T cells. Fresh indicates frequency N
of HLA-A*2402/Tax301-309 tetramer*CD8" L 043
T cells detected in fresh peripheral blood.
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in HTLV-1-infected individuals expressing HLA-DRB1*0101 and
that Tax-specific CD4" T cells might efficiently induce HTLV-1~
specific CTL expansion to strengthen the graft-versus-ATL effects
in ATL patients after allo-HSCT.

In HTLV-1 infection, analysis of virus-specific CD4" T cell
responses appears to be limited because CD4™ T cells are pref-
erentially infected with HTLV-1 (24, 34, 35), and HTLV-1 Ags are
produced from infected cells at a few hours postculture (34, 36). In
this study, we used blood samples from 18 ATL patients after allo-
HSCT with RIC and from HLA identical-related or unrelated
donors and found that these recipients had undetectable or very
low proviral loads (Table I), as previously shown (7-9). We pre-
viously reported that Tax-specific CTLs were induced in some
patients with complete remission after allo-HSCT for ATL and

might contribute to the graft-versus-leukemia effect (10). In the
current study, Tax-specific T cell responses or tetramer-binding
CD8* T cells were detected in 68.8% (11 of 16) or 82.4% (14
of 17) of patients tested, respectively (Fig. 1A, Table I). In addi-
tion, helper function of Tax-specific CD4" T cells to enhance Tax-
specific CD8"* T cell expansion was observed in PBMCs from all
three HLA-DRB1*0101" patients tested (Fig. 5). These data
suggest that both CD8* and CD4" Tax-specific T cell responses
might contribute to elimination of remaining leukemic and/or in-
fected cells in some patients having T cell responses against Tax.
However, given the fact that not all ATL patients who achieved
complete remission after allo-HSCT had Tax-specific CD8"
T cells, graft-versus-host reaction may mainly contribute to achieve
complete remission after allo-HSCT. It is of note that Tax-specific
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T cell responses were detected in 57.1% (four of seven) or 87.5%
(seven of eight) of the patients after allo-HSCT with RIC from
HTLV-1-seronegative sibling or unrelated donors, respectively. A
Tax-specific T cell response was not detected in three patients who
underwent allo-HSCT from seropositive donors (Fig. 1, Table I).

It has been proposed that CTLs are the main effector cells against
many pathogenic viruses, including HTLV-1. To date, many CTL
epitopes recognized by HTLV-1-specific CTLs have been identi-
fied, some of which are thought to be the candidates of peptide-
based T cell immunotherapy (10, 20, 32, 37-40). CD4* T cells
have also been known to be critical for induction and maintenance
of Ag-specific CD8" T cells (15-19). With respect to HTLV-1
infection, there are several reports identifying HLA-DRB1#0101—
restricted epitopes recognized by CD4™ T cells against Env or Tax
(Env380-394 (21), Env436-450, Env451-465, Env456-470 (23),
and Tax191-205 (22)), which were established by stimulating
PBMCs from uninfected or infected individuals with synthetic
peptides. In this study, for determination of an epitope recognized
by HTLV-1-specific CD4* T cells, we established an HTLV-1—-
specific CD4" T cell line from the patient #350 at 180 d after allo-
HSCT by several stimulations with an HTLV-1 Ags-expressing
T cell line (ILT-#350) from the same patient. In addition, we
found that Tax155-167-specific CD4" T cells were present in pe-
ripheral blood from patient #350 at 180 and 540 d after all-HSCT,
indicating that the epitope, Tax155-167, identified in this study is
naturally presented on HTLV-1-infected cells and predominantly
recognized by HTLV-1-specific CD4" Th cells in the patient #350
at least within 540 d after allo-HSCT. Another HLA-DRB1#0101-
restricted Tax epitope, Tax191-205, has been reported previously
(22). In this study, the amino acid sequence within this region was
revealed to be conserved in the infected T cell line, ILT-#350
established from the patient #350 (data not shown), indicating
that Tax191-205 can be presented on APCs and Tax191-205-
specific CD4" T cells may be induced in patient #350. However,
Tax155-167-specific but not Tax191-205-specific CD4™ T cells
were revealed to predominantly appear in the HTLV-1-specific
T4 cell line, established from PBMCs in the patient #350 at
180 d after allo-HSCT. This suggests that in the case of patient
#350 at 180 d after allo-HSCT, Tax191-205-specific CD4™ T cells
may not be the most frequent population among HTLV-1-specific
CD4* T cells.

It has been known that Ag-specific effector and memory CD4™"
T cells are typically present at much lower frequencies than their
CD8" counterparts and that MHC class II tetramer might have
a weak TCR-MHC affinity (41). Although this limited affinity of
MHC class II tetramer might preclude detection of Ag-specific
low-affinity CD4" T cells, the low-affinity CD4* T cells, below
detection with MHC class II tetramers, were also proved to be
critical effectors in Ag-specific responses (42). In the current
study, MHC class II tetramer analysis revealed that Tax155-167-
specific CD4" T cells were present in HLA-DRB1*0101* HTLV-
l-infected individuals: two ATL patients after allo-HSCT (day
180 for #350 and day 360 for #364), an AC #310, and a HAM/TSP
patient #294 (Fig. 6). Because of a shortage of blood sample from
patient #341, we could not perform the direct detection for
Tax155-167-specific CD4" T cells by the MHC class 11 tetramers.
However, enhanced expansion of Tax301-309-specific CD8"
T cells was observed in patient #341 at 360 d after allo-HSCT
when PBMCs were stimulated with Tax301-309 in the presence
of Tax155-167 (Fig. 5). So far, Tax155-167-specific CD4™ T cells
were detected in fresh and/or Tax155-167-stimulated PBMCs of
all HTLV-1-infected HLA-DRB1*0101" individuals tested, al-
though their frequencies were various. These results suggest that
Tax155-167 may be the dominant epitope recognized by Tax-

specific CD4" T cells in HTLV-1-infected HLA-DRB1*0101"
individuals. In ATL patients after HSCT, the donor-derived T cells
reconstituted in recipients will first encounter HTLV-1 Ags, be-
cause HTLV-1 still persists in the patients even though proviral
loads become undetectable in the peripheral bloods. Indeed, we
found that donor-derived Tax155-167-specific CD4* T cells were
present in three ATL patients after allo-HSCT from seronegative
donors. This finding also suggests that Tax155-167-specific naive
CD4* T cells may pre-exist in HLA-DRB1*0101" individuals and
can be primed with HTLV-1 Ags during the primary infection. In
this study, Tax155-167-specific CD4™ T cells were also detected
in an AC and a HAM/TSP patient (Fig. 6B), suggesting that
Tax155-167-specific CD4™ T cells may be maintained in some
HLA-DRI1" individuals during the chronic phase of HTLV-1 in-
fection. However, it has been reported that epitope hierarchies
may change because of T cell escape mutants (43, 44) and unre-
sponsiveness or deletion of epitope-specific T cells because of
prolonged Ag stimulation during chronic infection (45, 46). Fur-
ther longitudinal studies with a number of samples will be re-
quired to confirm that Tax155-167 is a dominant epitope of
HTLV-1-specific CD4™ T cells in HLA-DRB1*0101 ~infected
individuals in the course of HTLV-1 infection.

Among three patients (#241, #350, and #364) showing high
T cell responses against recombinant Tax protein, two patients
(#350 and #364) were found to carry HLA-DRB1*0101 and have
efficient CD4* Th cell responses against Tax155-167. Intrigu-
ingly, it has been reported that HLA-DRB1*0101 is associated
with susceptibility to HAM/TSP (47, 48). In addition, CD4*
T cells have been shown to be the dominant cells infiltrating in
early active inflammatory spinal cord lesions (28, 29) with spon-
taneous production of proinflammatory cytokines (30). These
observations suggest that HLA-DRB1*0101 might be associated
with susceptibility to HAM/TSP via an effect on high CD4* T cell
activation. Further studies are needed to clarify whether HLA-
DRB1*0101 is associated with high Tax-specific CD4" T cell
responses in HTLV-1-infected individuals.

Early studies using lymphocytic choriomeningitis virus showed
that CD4" T cell help is critical for maintenance of CD8* T cell
function during chronic infections (18). It has also been suggested
that CD4" T cells are required for optimal CTL responses during
HTLV-1 infection (49). Aubert et al. (50) showed that both Ag-
specific naive and effector CD4" T cell help rescued exhausted
CD8" T cells in vivo, resulting in a decrease in viral burden. In the
current study, we determined a novel HLA-DRB1*0101-restricted
Th epitope, Tax155-167, which was capable of augmenting Tax-
specific CD8* T cell expansion by stimulating Tax155-167-spe-
cific CD4* T cells. This epitope would be a useful tool for inves-
tigating the roles of HTLV-1-specific CD4™ T cells in antitumor
immunity and in pathogenesis of HTLV-1-related inflammatory
diseases such as HAM/TSP and developing novel vaccines to
prevent progression or recurrence of ATL.
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