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Table 3 | Summary of reports on treatment for HAM/TSP.

Authors Country Study design Reagents Treatment regimen Study No. of Rate of Note
period patients Efficacy
Osame et al {19900 Japan Open-label Prednisolone 60-80 mg god for 2 month 11 Month 65 90.8% (59/65) Incidence of side effects: 20% (13/65)
— 10 mg off/month for 6 month 56.9% (>1)
—5mg god for 3month
Croda et sl (2008) Brazil Case series Methylprednisolone 19 x 3days/month for 3-4 month  2.2Years 39 24.5% Transient effect
Nakagawa et al, [1896)  Japan Open-label Prednisolone 1-2 mg/kg gd or god for 6-12Month 131 81.7% Decrease of CSF neopterin
1-2 month — tapering 69.5% (>1)
Methylprednisolone 500 mg-1g x 3 days 10 30.0% For rapid progression
Interferon-a 3 MU/day x 30 days 1-3Month 32 62.5% Transient effect
21.9% (>1) Incidence of side effects: 65.6% (21/32)
Martin et al. (2012} UK Open-label Cyclosporine A 2.5-6 mg/kg/day bd for 48 week  72Week 7 71.4% (5/7) Clinical failure: two patients
after 3 Month
fzumo et al. {1898 Japan Multicenter Interferon-a 0.3 MU/day x 28 days 8Week 15 71% Incidence of side effects: 26.7% (4/15)
double-blind 1 MU/day x 28 days 17 23.5% 29.4% (5/17)
RCT 3 MU/day x 28 days 16 66.7% 50.0% (8/16)
Yamasaki et al. { Japan Case series Interferon-u 6 MU/day x 14 days — 6 Month 7 71.4% (5/7) Clinical failure: two patients
6 MU/3 times/week x 22 week
Asimurz et al, (2007) Japan Phase IV Interferon-o 3 MU/day x 4-793 days (median 6 Month 167 66.2% Side effects: 874%
30 days) 29.2% (>1) Serious side effects: 70%
UKand  Double-blind Zidovudine + lamivudine  AZT 300 mg + 3TC 150 mg bd 48Week 16 No clinical No change in proviral load
Japan RCT improvement
UK Case series Tenofovir 245 mg/day 2-16Month 6 No clinical No change in proviral load
improvement

> 1, improvement of more than one grade in the Osame’s motor disability score.
No., number; qod, every other day; mo: month(s); yr, year(s); qd, every day;, MU, million unit; wk, week(s)’ bd, twice daily; RCT, randomized controlled trial; AZT, zidovudine; 3TC, lamivudine.

0}8G puB OUBLIEBA

dSL/INVH 40 ABojoisAydoyed eatuil)



Yamano and Sato

Clinical pathophysiology of HAM/TSP

anti-inflammatory and/or antiviral in nature. In fact, there is a
recent report on the high efficacy of cyclosporine A therapy tar-
geted at early phase or progressive HAM/TSP patients. In this
study, clinical improvement was observed in five of seven patients,
with reduction of provirus DNA load observed in the CSF (Martin
et al., 2012).

Type I IFNs (a and B), which have immunomodulatory and
antiviral properties (Borden et al., 2007), have been tested as anti-
HAM/TSP drugs. IFN-o demonstrated clinical benefits in a mul-
ticenter, randomized, double-blind, controlled trial of HAM/TSP
patients in Japan (Izumwo et al., 1996). In this study, 3 million
units (MU) of human lymphoblastoid natural IFN-« given daily
by intramuscular injection for 28 days showed better clinical ben-
efit than 0.3 or 1 MU of IFN-a. The reduction of proviral DNA
load and memory CD87 cells in PBMCs (Saito et al., 2004) and
the reduction of CD4/CDS8 ratio and CD4*CCR5™ cells in CSF
(Kambara etal,2002) after short-term IFN-« therapy was demon-
strated. However, the benefit of long-term IFN-«a therapy has not
been well demonstrated. A small study extending IFN-a treat-
ment for 24 weeks reported sustained clinical response (Yamasaki
et al, 1997). In a post-marketing surveillance of IFN-q in Japan,
sustained improvements in motor disability for 5months after
cessation of IFN-a administration were observed in 11 of 30
patients, and a high adverse event rate (536 events reported in 146
patients; 46 classified as serious) was indicated (Arimura et al.,
2007). In this surveillance study, it is notable that IFN-a treatment
was more effective in patients with lower motor disability and
shorter duration of illness and progression phase, suggesting the
existence of therapeutic windows of opportunity in the treatment
of HAM/TSP. It is also notable that rapidly progressing HAM/TSP
patients showed no response and dropped out from the IFN-«
therapy (Yamasaki et al,, 1997; Arimura et al,, 2007). Therefore,
well-designed controlled clinical trials to guide the clinician with
regard to the appropriate target, time of initiation, and the dose
or duration of IFN-« therapy in HAM/TSP will be important for
future studies.

Thus, corticosteroids and IFN-o may have therapeutic efficacy
for HAM/TSP to some extent; however, the effect may not be suf-
ficient for avoiding long-term disability. Moreover, in some cases,
it might be difficult to continue therapy because of the side effects
of these drugs and their insufficient benefit. Therefore, it is essen-
tial that revolutionary drugs that can lead to a paradigm shift
in the therapeutic strategies for HAM/TSP be developed. Con-
sidering the pathogenesis of HAM/TSP, therapies to eliminate
HTLV-1-infected cells from the peripheral blood and CNS should
be developed. However, antiviral therapy has not been successful
in the clinical trial for HAM/TSP. A randomized, double-blind,
placebo-controlled, 6-month study of zidovudine and lamivudine

combination therapy, which demonstrated activity against HTLV-
1 reverse transcriptase in vitro, was conducted in 16 patients, and
no significant changes were observed in the clinical symptoms and
HTLV-1 proviral load (Taylor et al., 2006). A pilot trial of teno-
fovir, which also demonstrated activity against HTLV-1 reverse
transcriptase in vitro, was conducted in six patients, and no sig-
nificant change in HTLV-1 proviral load was observed (Muacchi
et al.,, 2011). Thus, the impact of therapy with viral reverse tran-
scriptase inhibitors with the aim of reducing the HTLV-1 proviral
load in vivo has been minimal. These results support the hypoth-
esis that HTLV-1 proviral load in HTLV-1-infected patients is
mainly maintained through cell division of infected cells and not
by viral replication and new infection (Watte! et al., 1995; Cavrois
etal,, 1998). Therefore, development of therapies directly targeting
HTLV-1-infected cells could be more promising to reduce the viral
load. Recently, we have demonstrated that CC chemokine recep-
tor 4 (CCR4), expressed on the surface of ATLL cells (Ishida et al,,
2004), is also expressed on HTLV-1-infected cells in HAM/TSP
patients (Yamano et al., 2009). More recently, a humanized anti-
CCR4 monoclonal antibody has been developed; the safety and
efficacy of this antibody has been proven in phase I and II stud-
ies (Yamamoto et al, 2010; Ishida et al,, 2012) and subsequently
approved by the Ministry of Health, Labour and Welfare as a ther-
apeutic agent for relapsed patients with ATLL in Japan. Further
clinical trials on the safety and efficacy of anti-CCR4 therapy for
HAM/TSP patients should be conducted in future studies.

CONCLUSION

Advances in study of the epidemiology and pathogenesis of
HAM/TSP have led to the identification of several biomarkers and
therapeutic targets. However, these findings have not yet translated
into an optimal therapeutic strategy for this hitherto intractable
neurological disease. Well-designed clinical trials in HAM/TSP
will provide opportunities for further quantification of biomark-
ers and refinement of therapeutic drugs. The development of an
effective therapy to improve long-term prognosis in HAM/TSP is
of paramount importance, and clinical trials for the validation of
HAM/TSP relevant biomarkers and new therapeutic targets will
be key challenges in this therapy.
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Deltaretrovirus genus of the Orthoretrovirinae subfamily ag
infects 10-20 million people worldwide. HTLV-1 can be tr.
mitted through sexual contact, intravenous drug u

onglnally thought to have a cutaneous T-cell lymﬁh@g}na‘ It was
the first human retrovirus ever associatedswith a human cancer.

1981, the same group demon:
new human retrovirus orig sd ‘ATLV'. Later, ATLV
. entical, and a single
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an cause other chronic inflammatory

ymyositis, Sjogren syndrome, and infective
nly approximately 2-3% of infected persons

ATL and another 0.25-4% develop chronic inflamma-
tory diseases, while the majority of infected individuals remain
lifelong asymptomatic carriers (ACs). Thus, the viral, host, and
environmental risk factors, as well as the host immune
response against HTLV-1 infection, appear to regulate in the
development of HTLV-1-associated diseases. For over two
decades, the investigation of HTLV-1-mediated pathogenesis
has focused on Tax, an HTLV-1-encoded viral oncoprotein.
Tax activates many cellular genes by binding to groups of
transcription factors and coactivators and is necessary and

d) dlseases e

\ ficient for cellular transformation. However, recent reports
ave identified another regulatory protein, HTLV-1 basic leu-
ine zipper factor (HBZ), that plays a critical role in the
evelopment of ATL and HAM/TSP.

HTLV-1-Associated Diseases
Adult T-cell leukemia

ATL is a fatal malignancy of mature CD4+ T cells. It arises in
only a small proportion of HTLV-1-infected people (1-5% of
infected individuals) after long latency periods following pri-
mary infection. ATL shows diverse clinical features, but can be
divided into four clinical subtypes: smoldering, chronic,
lymphoma, and acute. Each subtype is directly correlated with
the prognosis of patients: the smoldering and chronic types are
indolent, while the acute and lymphoma types are aggressive
and characterized by resistance to chemotherapy and poor
prognosis. Development of ATL is characterized by infiltration
of various tissues with circulating ATL cells, called ‘flower cells’,
which have conspicuous lobulated nuclei. These cells cause
further symptoms including lymphadenopathy, lytic bone
lesions, skin involvement, hepatosplenomegaly, and hypercal-
cemia. Laboratory findings of ATL patients typically reveal a
marked leukocytosis, hypercalcemia, high serum levels of
lactate dehydrogenase (LDH), and a soluble form of
interleukin-2 receptor (IL-2R). In cohort studies of HTLV-1
carriers, the risk factors for ATL appeared to include vertical
infection (mother to child transmission), male gender, older
age, and increasing numbers of abnormal lymphocytes. Since
ATL occurs mainly in vertically infected individuals, but not in
those who become infected later in life, the impairment of
HTLV-1-specific T-cell responses caused by vertical HTLV-1
infection has been suggested as a possible cause of disease
development. The HTLV-1-specific cytotoxic T-cell (CTL)
responses from ATL patients are significantly lower than that
of HAM/TSP patients. However, insufficient HTLV-1-specific
T-cell responses might also occur during and after the onset of
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ATL. Although ATL has a poor prognosis, recent advances in its
treatment have led to significant gains in response rates and
survival. Accumulating evidence suggests that allogeneic bone
marrow transplantation and allogeneic peripheral blood
stem cell transplantation are potent therapies for aggressive
ATL (i.e., the acute and lymphoma type). The combination of
the antiretroviral agent zidovudine (AZT) and interferon-alfa
(IEN-a) is also beneficial for overall survival in smoldering and
chronic (i.e., indolent) ATL, although its efficacy has not yet
been confirmed in well-designed prospective studies.

Since the discovery of HTLV-1, the viral transactivator Tax
has been viewed as critical for leukemogenesis, due to its pleio-
tropic effects on both viral and many cellular genes responsible
for cell proliferation, genetic instability, dysregulation of the
cell cycle, and apoptosis. However, Tax expression is not
detected in about 60% of freshly isolated samples from ATL
cases. Recently, the expression of another regulatory protein,
HBZ, has been reported in association with all ATL cases. This
protein, which is encoded in the minus or antisense strand of
the virus genome, promotes proliferation of ATL cells and
induces T-cell lymphomas in CD4+ T cells by transgenic expres-
sion, indicating involvement of HBZ expression in the
development of ATL. In addition, among the HTLV-1-encoded
viral genes, only the HBZ gene sequence remains intact, unaf:
fected by nonsense mutations and deletion. Thus,
expression is indispensable for proliferation and survi
ATL cells and HTLV-1-infected cells, and Tax expressio
always necessary for the development of ATL.

and mild sensory
In addition to
5 also exhibit
. uveitis, arthritis,

disturbance in the lower extremi
neurological symptoms, some HAM
autoimmune-like  disorders,

ases have also been
¥ as the United States and

The lifetime risk
ethnic groups, ra
incidence of

bjects (20 vs. three cases/100000
to 3 times higher risk for women in
period from initial HTLV-1 infection to
TSP is assumed to range from months to

iorter time than for ATL onset. HAM/TSP occurs
vertically infected individuals and in those who

(almost exclusively from male to female) intravenous drug
use, contaminated blood transfusions, etc.). The mean age at
onset is 43.8 years and, like other autoimmune diseases, the
frequency of HAM/TSP is higher in women than in men
(the male to female ratio of occurrence is 1:2.3).

The essential histopathological feature of HAM/TSP is a
chronic progressive inflammation in the spinal cord, predomi-
nantly at the thoracic level. The loss of myelin sheaths and
axons in the lateral, anterior, and posterior columns is

associated with perivascular and parenchymal lymphocytic
infiltration, reactive astrocytosis, and fibrillary gliosis. In addi-
tion to HTLV-1 antibody positivity, other laboratory findings of
HAM/TSP include the presence of atypical lymphocytes (the
so-called flower cells) in peripheral blood and cerebrospinal
fluid (CSF), a moderate pleocytosis, and raised protein content
in CSF. Oligoclonal bands, raised:concentrations of inflamma-
tory markers such as neopterin; tumer necrosis factor (TNF)-a,
IL-6 and IFN-y, and an increased intrathecal antibody synthesis
specific for HTLV-1 antig 0 been described in CSF of
HAM/TSP patients. )

¢ eé ed that one of the major risk

I load (PVL), as the PVL is signifi-
patients than in ACs. A high PVLwas
creased risk of progression to disease.
AMJTSP patients than in ACs was also
ex endemic areas such as the Caribbean, South
ind the ‘Middle East. In southwest Japan, an associa-

gested between possession of the HLA-class I genes
. nd Cw*08 and a statistically significant reduction

both PVL and the risk of HAM/TSP. By contrast, possession
HLA-class I HLA-B*5401 and class Il HLA-DRB1*0101 pre-
dispésed patients in the same population to HAM/TSP. Since
ithe function of class I HLA proteins is to present antigenic
ptides to CTL, these results imply that individuals with
HLA-A*02 or HLA-Cw*08 mount a particularly efficient CTL
response against HTLV-1, which may be an important determi-
nant of HTLV-1 PVL and the risk of HAM/TSP.

To date, no generally agreed standard treatment regimen
has been established for HAM/TSP, as no treatment for HAM/
TSP has proven to be consistently effective and long term.
Therefore, current clinical practice for treatment of HAM/TSP
is based on case series and open, nonrandomized uncontrolled
studies. Although mild to moderate beneficial effects have been
reported with corticosteroids, immunosuppressants, high-dose
intravenous gammaglobulin, antibiotics (erythromycin and
fosfomycin), and vitamin G, the dinical benefits are only tran-
sient and limited. The complications of steroid use limit their
use particularly in postmenopausal females, who are at higher
risk of developing HAM/TSP. Only three randomized
placebo-controlled trials have been conducted for HAM/TSP
treatment. These studies indicate that IFN-o is an effective
therapy, with an acceptable side-effects profile. By contrast,
no evidence yet exists of any benefit of zidovudine plus lami-
vudine for treating HAM/TSP. More clinical trials with
adequate power are needed in the future.

mic in southwe
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Other HTLV-1-Associated Diseases

po055

p0060

50020

HTLV-1 has been implicated in the pathogenesis of p0065

other inflammatory disorders such as uveitis, arthropathy,
infective dermatitis, pulmonary lymphocytic alveolitis, poly-
myositis, Sjogren syndrome, and autoimmune thyroid
diseases, based on the higher HTLV-1 PVL and the higher
seroprevalence in patients than in ACs. However, direct
evidence for an association between these disorders and
HTLV-1 infection is still lacking. Nonetheless, HTLV-1 may
be a significant trigger for the development of these auto-
immune disorders.
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Potential Contribution of a Novel Tax Epitope-Specific CD4"
T Cells to Graft-versus-Tax Effect in Adult T Cell Leukemia
Patients after Allogeneic Hematopoietic Stem Cell
Transplantation

Yotaro Tamai,* Atsuhiko Hasegawa,* Ayako Takamori,* Amane Sasada,*

Ryuji Tanosaki,’ Ilseung Choi,* Atae Utsunomiya,§ Yasuhiro Maeda,” Yoshihisa Yamano,
Tetsuya Eto,” Ki-Ryang Koh,** Hirohisa Nakamae,** Youko Suehiro,” Koji Kato,"
Shigeki Takemoto,” Jun Okamura,’® Naokuni Uike,* and Mari Kannagi*

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is an effective treatment for adult T cell leukemia/lymphoma (ATL)
caused by human T cell leukemia virus type 1 (HTLV-1). We previously reported that Tax-specific CD8" cytotoxic T lymphocyte (CTL)
contributed to graft-versus-ATL effects in ATL patients after allo-HSCT. However, the role of HTLV-1-specific CD4* T cells in the
effects remains unclear. In this study, we showed that Tax-specific CD4" as well as CD8" T cell responses were induced in some ATL
patients following allo-HSCT. To further analyze HTLV-1-specific CD4" T cell responses, we identified a novel HLA-DRB1%0101—~
restricted epitope, Tax155-167, recognized by HTLV-1-specific CD4* Thi-like cells, a major population of HTLV-1-specific CD4*
T cell line, which was established from an ATL patient at 180 d after allo-HSCT from an unrelated seronegative donor by in vitro
stimulation with HTLV-1-infected cells from the same patient. Costimulation of PBMCs with both the identified epitope (Tax155-167)
and known CTL epitope peptides markedly enhanced the expansion of Tax-specific CD8" T cells in PBMCs compared with stimulation
with CTL epitope peptide alone in all three HLA-DRB1*0101" patients post-allo-HSCT tested. In addition, direct detection using
newly generated HLA-DRB1*0101/Tax155-167 tetramers revealed that Tax155-167-specific CD4™ T cells were present in all HTLV-1—
infected individuals tested, regardless of HSCT. These results suggest that Tax155-167 may be the dominant epitope recognized by
HTLV-1-specific CD4" T cells in HLA-DRB1#0101*-infected individuals and that Tax-specific CD4" T cells may augment the graft-

versus-Tax effects via efficient induction of Tax-specific CD8" T cell responses.

uman T cell leukemia virus type 1 (HTLV-1) is the
H causative agent of a highly aggressive CD4" T cell ma-
lignancy, adult T cell leukemia/lymphoma (ATL) (1, 2).
This virus has infected 10-20 million people worldwide, especially
in southern Japan, the Caribbean basin, South America, Melanesia,
and equatorial Africa (3). Approximately 5% of HTLV-1-seropos-
itive individuals develop ATL, and another 2-3% develop a slow
progressive neurologic disorder known as HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP) or various
chronic inflammatory diseases (4). The majority of HTLV-1~in-
fected individuals remain asymptomatic throughout their lives.
ATL is characterized by extremely poor prognosis, mainly be-
cause of intrinsic drug resistance to cytotoxic agents. It has been
reported that allogeneic hematopoietic stem cell transplantation

The Journal of Immunology, 2013, 190: 000-000.

(allo-HSCT), but not autologous HSCT, improved the outcome of
ATL (5, 6). In previous clinical studies carried out by the ATL
allo-HSCT Study Group, the overall survival rate within 3 y after
allo-HSCT with reduced intensity conditioning (RIC) was 36%
(7). HTLV-1 proviral load became and remained undetectable in
some ATL patients with complete remission after allo-HSCT, sug-
gesting that it is an effective treatment for ATL (7-9). In these
studies, we reported that donor-derived HTLV-1 Tax-specific
CD8* CTLs were induced in some ATL patients who achieved
complete remission after allo-HSCT (10). These CTLs were able
to lyse recipient—derived HTLV-1-infected T cells in vitro, sug-
gesting potential contributions to graft-versus-leukemia effects.
CD8* T cells, especially CTLs, generally play an important role in
controlling viral replication in various infections, such as those
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involving HIV, hepatitis B virus, and hepatitis C virus. In HTLV-1
infection, HTLV-1-specific CD8" T cells predominantly recognize
the Tax Ag and are believed to contribute to controlling infected
cells (11, 12). A high frequency of functional Tax-specific CD8*
T cells can be detected in HAM/TSP patients and some asymp-
tomatic carriers (ACs), whereas most ATL patients and a small
population of ACs show severely reduced Tax-specific CD8"
T cell responses (13, 14). The mechanism underlying the sup-
pression of HTLV-1-specific CD8* T cell responses in these
patients has not yet been fully elucidated.

For induction and maintenance of virus-specific CTLs, virus-
specific CD4" Th cell responses are required in many virus infec-
tions (15-19). However, there are only a few reports of HTLV-1—
specific Th cell responses (20-23), presumably because of their
susceptibility to HTLV-1 infection in vivo and in vitro (24).
Preferential HTLV-1 infection in HTLV-1-specific CD4™ T cells
could be one of the reasons for immune suppression in ATL
patients. In addition, it has been reported that a higher frequency
of CD4*FOXP3"* regulatory T (Treg) cells is observed in infected
individuals compared with uninfected healthy donors. The fre-
quency of Tax™ Treg cells, which are a major population of Treg
cells in infected individuals, is negatively correlated with HTLV-
l-specific CTL responses (25). HTLV-1 basic leucine zipper
factor might also be involved in immune suppression, because
HTLV-1 basic leucine zipper was constitutively expressed in
infected cells (26) and inhibited the activity of IFN-y promoters
by suppressing NFAT and AP-1 signaling pathways, resulting in
the impaired secretion of Thl cytokines from CD4* Th cells in
a transgenic mouse model (27) These reports suggest that both the
dysfunction of HTLV-1-specific CD4* Th cells and the increased
number of uninfected Treg cells might be implicated in the im-
munosuppression observed in ATL patients. Conversely, in HAM/
TSP patients, CD4" T cells are predominantly found in early ac-
tive inflammatory spinal cord lesions (28, 29) with spontaneous
production of proinflammatory, neurotoxic cytokines, such as
IFN-y and TNF-a (30), suggesting their contributions to the
pathogenesis of HAM/TSP. However, the precise roles of HTLV-
1-specific CD4* T cells in HTLV-1 infection remain unclear.

In some ATL patients who achieved complete remission after
allo-HSCT, it has been suggested that donor-derived HTLV-1 Tax-
specific CTLs may contribute to elimination of ATL cells (graft-
versus-Tax effects) (10). We believe that CD4* T cells also play a
critical role in the graft-versus-ATL effects because CD4™ T cells
are required for induction and maintenance of optimal CTL
responses (15-19). It therefore is important to clarify the role of
HTLV-1-specific CD4"* T cells in the effects for understanding
HTLV-1-specific T cell immunity in ATL patients after allo-HSCT
and for developing new vaccine strategies to prevent recurrence of
ATL.

Several studies have reported some HTLV-1-specific CD4"
T cell epitopes restricted by different HLA haplotypes (20-23).
The helper functions of these epitopes in HTLV-1-specific CTL
responses in HTLV-l-infected individuals have not been well
understood. However, Jacobson et al. (20) showed that CD4*
T cells specific for Env gp46 196-209, an epitope restricted by
HLA-DQS5 or -DRw16, exhibited a cytotoxic function by directly
recognizing HTLV-1-infected cells. This observation raises the
possibility that some HTLV-1-specific CD4* T cells may con-
tribute to the graft-versus-ATL effects through their cytotoxic
function in ATL patients after allo-HSCT.

In the current study, we demonstrated that both CD4* and CD8"*
Tax-specific T cell responses were induced in patients after allo-
HSCT with RIC for ATL. To further analyze HTLV-1-specific
CD4* T cell responses in ATL patients after allo-HSCT, we de-

termined a novel HLA-DRB1*0101-resricted epitope, Tax155—
167, recognized by HTLV-1-specific CD4* Th1-like cells, a major
population of HTLV-1-specific CD4" T (T4) cell line, which was
established from a patient in complete remission following allo-
HSCT with RIC. Costimulation with oligopeptides corresponding
to the Th1 epitope, Tax155-167, together with a known CTL epi-
tope led to robust expansion of Tax-specific CD8* T cells in
PBMCs from three HLA-DRB1*0101" patients after allo-HSCT
tested. Furthermore, Tax155-167-specific CD4* T cells were
found to be maintained in all HTLV-1-infected HLA-DRB1*0101*
individuals tested, regardless of HSCT, by direct detection with
newly generated HLA-DRB1*0101/Tax155-167 tetramers. Our
results suggest that Tax155-167 may be a dominant epitope rec-
ognized by HTLV-1-specific CD4* T cells in HTLV-1—infected
individuals carrying HLA-DRB1#0101 and that Tax-specific CD4*
T cells may strengthen the graft-versus-ATL effects through effi-
cient induction of Tax-specific CTL responses.

Materials and Methods
Subjects

A total of 18 ATL patients who underwent allo-HSCT with RIC regimen,
and one HTLV-1-seronegative (#365) and two seropositive donors (one
AC #310 and one HAM/TSP patient #294) carrying HLA-DRB1#0101
donated peripheral blood samples after providing written informed consent.
Approximately one-half of these patients received allogeneic peripheral
blood stem cell transplantation from HLA-A-, B-, and -DR-identical
sibling donors. The other half received allogeneic bone marrow cells from
HLA-A~, B—, and DR-identical seronegative unrelated donors (Table I).
These patients were the participants of clinical studies organized by the
ATL allo-HSCT Study Group, supported by the Ministry of Health, Wel-
fare, and Labor of Japan. This study was also reviewed and approved by
the Institutional Ethical Committee Review Board of the Tokyo Medical
and Dental University.

Generation of cell lines derived from patients and donors

PBMCs were isolated using Ficoll-Paque PLUS (GE Healthcare, Buck-
inghamshire, U.K.) density gradient centrifugation and stored in liquid
nitrogen in Bambanker stock solution (NIPPON Genetics, Tokyo, Japan)
until required. These were used in part to obtain HTLV-1~infected IL-2—
dependent T cell lines (ILT) and EBV-transformed lymphoblastoid B cell
lines (LCL). ILT-#350 was spontaneously immortalized during long-term
culture of PBMC:s from patient #350 before allo-HSCT and maintained in
RPMI 1640 medium (Life Technologies, Grand Island, NY) containing
20% FCS (Sigma Aldrich, St. Louis, MO) and 30 U/ml recombinant hu-
man IL-2 (rhIL-2; Shionogi, Osaka, Japan). LCL-#307, -#341, and -#350
were established by maintaining PBMCs from ATL patients #307, #341,
and #350, respectively, after allo-HSCT. These PBMCs were maintained in
RPMI 1640 medium containing 20% FCS, following infection with the
EBV-containing culture supernatant of the B95-8 cell line, LCL-Kan,
derived from a healthy individual was also used.

Synthetic peptides

A total of 18 overlapping peptides, 12- to 25-mer in length, spanning the

-central region of Tax (residues 103-246) were purchased and used for
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epitope mapping (Scrum Tokyo, Japan) (Table II). HLA-A*2402-re-
stricted CTL epitopes (Tax301-309, SFHSLHLLF) (10) were used for
in vitro stimulation of Tax-specific CTLs (Hokudo, Sapporo, Japan).

GST-Tax fusion protein—based immunoassay

HTLV-1 Tax-specific T cell responses were evaluated using GST—fusion
proteins of the N-terminal (residues 1-127), central (residues 113-237),
and C-terminal (residues 224-353) regions of HTLV-1 Tax (GST-Tax-A,
-B, and -C, respectively) as described previously (13, 31). PBMCs (1 X
10° cells/ml) were incubated with or without a mixture of GST-Tax-A, -B,
and -C proteins (GST-TaxABC) in 200 ul RPMI 1640 medium supple-
mented with 10% FCS. After 4 d, the supernatant was collected, and the
concentration of IFN-v in the supernatant was determined using an
OptiEJA Human IFN-y ELISA Kit (BD Biosciences, San Jose, CA). The
minimum detectable dose for this assay was determined to be 23.5 pg/ml
IFN-y. CD8" cells were depleted from PBMCs by negative selection using
Dynabeads M-450 CD8 (Invitrogen, Carlsbad, CA), according to the
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manufacturer’s instructions. For cytokine profiling of a HTLV-1-specific
CD4" T cell line, cells were stimulated with formaldehyde-fixed ILT-#350
for 48 h. Culture supernatant was collected, and various cytokines were
measured using a Human Th1/Th2/Th17 Cytokine Kit for a Cytokine
Beads Array (BD Biosciences).

Induction of HTLV-1-specific CD4* T cell line (T4 cells)

PBMCs (1 X 10° cells/ml) from patient #350, in complete remission at 180 d
after allo-HSCT, were cultured for 2 wk with 100 nM Tax301-309 peptide in
96-well round-bottom tissue culture plate (BD Biosciences) in a final volume
of 200 pl RPMI 1640 medium with 20% FCS and 10 U/ml thIL-2. CD4" cells
were then isolated by negative selection using a Human CD4 T lymphocyte
Enrichment Set-DM (BD Biosciences) and maintained in RPMI 1640 medium
with 20% FCS and 100 U/ml thIL-2. Cells (1 X 10° cells/ml) were stimulated
with formaldehyde-fixed ILT-#350 (2.5 X 10° cells/ml) every 2-3 wk. After
multiple rounds of stimulation, the resulting CD4™" T cell line was assessed for
HTLV-1 specificity by comparing IFN-y production against ILT-#350 to that
against an HTLV-1-negative cell line, LCL-#350.

RT-PCR

Total RNA from cells was isolated using Isogen (Nippon Gene, Tokyo,
Japan) and Turbo DNA-free (Life Technologies). First-strand cDNA was
prepared from 0.5 pg RNA using ReverTra Ace and Oligo(dT),q primers
provided in a ReverTra Ace-a-kit (Toyobo, Osaka, Japan). PCRs were
performed in 50 pl reaction mixture containing ReverTra Dash (Toyobo),
0.5 uM of each HTLV-1 pX-specific primer (pX1, 5'-CCA CTT CCC
AGG GTT TAG ACA GAT CTT C-3’ and pX4, 5'-TTC CTT ATC CCT
CGA CTC CCC TCC TTC CCC-3'), and 2 nl cDNA. GAPDH-specific
primers (GAPDHS', 5'-ACC ACA GTC CAT GCC ATC AC-3';
GAPDH3', 5'-TCC ACC ACC CTG TTG CTG TA-3') were used as an
internal control. The thermal cycling conditions comprised an initial ac-
tivation step at 94°C for 1 min, followed by 30 cycles of denaturation
(98°C, 10 s), annealing (60°C, 2 s), and extension (74°C, 30 s). The PCR
amplicons were visualized by ethidium bromide staining following 2%
(w/v) agarose gel electrophoresis.

Flow cytometry

For cell surface staining, the following fluorochrome-conjugated mouse
anti-human mAbs were used: CD3-FITC (UCHT1; BioLegend, San Diego,
CA), CD4-FITC (RPA-T4; BioLegend), CD8-FITC (RPA-T8; BioLegend),
and CD8-PE-Cy5 (HIT8a; BD Biosciences, San Jose, CA). For tetramer
staining, PE-conjugated HLA-A*0201/Tax11-19, HLA-A*1101/Tax88-
96, HLA-A*1101/Tax272-280, and HLA-A*2402/Tax301-309 tetramers
were purchased from Medical & Biological Laboratories (Nagoya, Japan).
PE-conjugated HLA-DRB1*0101/Tax155-167 tetramer were newly gen-
erated through the custom service of Medical & Biological Laboratories.
‘Whole-blood or cultured cells were stained with PE-conjugated Tax/HLA
tetramer in conjunction with CD3-FITC and CDS8-PE-Cy5 or CD4-PE-

Cy5. For whole-blood samples, RBCs were lysed and fixed in BD FACS
lysing solution (BD Biosciences) before washing. Samples were analyzed
on a FACSCalibur (BD Biosciences), and data analyses were performed
using FlowJo software (Tree Star, Ashland, OR).

Epitope mapping

T4 cells (3 X 10° cells/ml) were stimulated with LCL-#350, pulsed with
various concentrations of synthetic peptides for 1 h at 37°C, at a responder/
stimulator (R/S) ratio of 3. The culture supernatant was collected at 6 h
poststimulation, and peptide-specific IFN-y production from T4 cells was
determined by ELISA.

HLA class II restriction assay

T4 cells (5 X 10° cells/ml) were cocultured for 6 h with ILT-#350 (1 X 10°
cells/ml) in the presence or absence of anti-human HLA-DR (10 pg/ml;
1.243; BioLegend), anti-human HLA-DQ (10 pg/ml; SPVL3; Beckman
Coulter, Fullerton, CA), or anti-HLA-ABC (10 p.g/ml; W6/32; BioLegend).
The IFN-vy in the supernatant was measured by ELISA.

To identify a HLA class Il molecule responsible for Ag presentation to T4
cells, Tax155-167 peptide-specific IFN-y responses were evaluated using
various HLA-typed LCLs (LCL-#350, LCL-#341, LCL-#307, and LCL-
Kan). These LCLs (1 X 10 cells/ml) were pulsed with 100 ng/ml Tax155~
167 peptide for 1 h, fixed with 2% formaldehyde, and then cultured with
T4 cells (3 X 10° cells/ml) for 6 h. The culture supernatant was collected,
and IFN~y in the supernatant was measured by ELISA.

Tetramer-based proliferation assay

PBMCs (1.0 X 10° cells/ml) were cultured for 13 or 14 d with or without
100 nM antigenic peptides in the presence of 10 U/ml rhIL-2. Cells were
stained with HLA/Tax tetramer-PE, CD3-FITC, and CD8-PE-CyS5 or CD4-
PE-Cy5 and then analyzed by flow cytometry.

Statistic analysis

Statistical significance was evaluated with the unpaired ¢ test using
Graphpad Prism 5 (Graphpad Software, La Jolla, CA). In all cases, two-
tailed p values <<0.05 were considered significant.

Results
Tax-specific T cell responses in ATL patients who received
allo-HSCT with RIC

We previously reported that Tax-specific CD8" T cells were in-
duced in some ATL patients after allo-HSCT with RIC from HLA-
identical sibling donors (10). In this study, we examined the Tax-
specific T cell response in a larger number of ATL patients who
received allo-HSCT with RIC. Table I provides a summary of the

Table I.  Clinical information and summary for Tax-specific CD8" T cells in 18 ATL patients at 180 d post-allo-HSCT with RIC
Type of Donor HTLV-1
ATL Subtype Donor Donor-HLA Sero Status Chimerism (%) Tetramer (%)” Proviral Load®
Lymphoma r-PB A 26/33, DR 4/13 =) <5 NT 0.1
Acute r-PB A 2/26, DR 10/18 (=) <5 0.00 0.1
Lymphoma r-PB A 24/—, DR 9/15 (-) <5 0.07 0.1
Lymphoma r-PB A 24/33, DR 13/15 (—) <5 0.00 0.0
Lymphoma r-PB A 24/26, DR 4/15 +) <5 1.34 4.8
Acute ur-BM A 24/33, DR 13/15 (=) <5 0.72 0.0
Acute r-PB A 2/11, DR 14/15 +) <5 0.10 54
Acute ur-BM A 2/24, DR 14/15 =) <5 0.92 0.0
Acute ur-BM A 11/24, DR 8/9 =) <5 0.75 NT
Acute -PB A 2/24, DR 4/8 (-) <5 1.40 0.7
Acute ur-BM A 24/33, DR 1/15 (=) <5 0.45 0.1
Lymphoma ur-BM A 2/24, DR 4/— (=) <5 0.44 0.0
Acute 1-PB A 24/—, DR 8/15 G} <5 0.00 0.0
Acute ur-BM A 24/26, DR 1/14 (=) <5 0.59 0.6
Acute ur-BM A 24/26, DR 9/12 =) <5 045 0.0
Lymphoma r-PB A 2/11, DR 4/14 =) <5 0.42 0.0
Acute ur-BM A 11/26, DR 8/15 (=) <5 0.14 0.0
Acute r-PB A 24/26, DR 1/— (=) <5 0.11 0.0

“Indicates percentage of recipient-derived T cell chimerism.

“Indicates percentage of tetramer* cells among CD8* T cells in PBMCs.

“Indicates copy number per 1000 PBMCs.

F, Female; M, male; NT, not tested; r-PB, related donor-derived peripheral blood stem cell; ur-BM, unrelated donor-derived bone marrow cell.
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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-vy
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,

#358, and #364) produced higher amounts of IFN-vy in response to
GST-TaxABC proteins compared with GST. However, the levels
of IFN-v production varied among the patients.

We also evaluated the extent to which Tax-specific CD4" T cells
were responsible for IFN-vy 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-a and small amounts of IL-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" Thl-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-y 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-y responses of the T4 cells (Table II). Both
Tax151-165 and Tax156-170-stimulated cells to induce IFN-vy
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.

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-y 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-DRBI%*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.

168

PROISUUTIPUNRINSINY (PP S

T VU I VU PP U RIUR U < JSpR

e e € e e



6 A NEW EPITOPE-SPECIFIC CD4 AID IN GRAFT-VERSUS-Tax EFFECTS

us H
A L2000 D meastmsosme B2
E
S50 Tax156-170 (1 Smer) |
3000 Tax155-169 (15mer) §
Z %o
= Tax154-168 (1 Smer) |5
1]
Tax151-165 (1 5mery
Tax146-160 (1 Smec)
B paso ?
Tax103-127 BN
Tax10-144 B E  raass-isausmen
Tax137-161
ToSLI7S D Tax155-168{14mer}
Taxl71-195 | Taxi55-167{13men
Tax188212 §
ToX529 } P=0.0331 Tax155-166{12mer}
Tax222-248 Tax146-160{15
LT B 80(15mer)
0 3008 6000 9000 12000 0 500 1000 1500 2000
IFN-1 ) TER1 gty
C F 30
oMo " 3000 o
=165 B % %0 PSR
- £ o 30 %6 v s Tax155-168 (3 Seree
Tus156170 [ T 200 T T = QSrmer)
‘ E Ls00 o Tax155-168 (Hmer)
Tax161-175 & gy T2 155167 (3 Sevec)
Tax166-180 J P=0.0015 L0 St T 146-160 (1 Strec)
Tax154-178 & ;V‘J; SR G SR m "‘.*" ;ﬁ
o WEOC 20000 0000 4OH0 ¢ - — sy
N7 {peiml} Q 0.001 0.01 01 1
Paptide concentration (Ug/ml)

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-vy 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 pg/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-y 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
HLA-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
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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*01017 individuals after allo-HSCT.

Tax155-167-specific CD4* T cells were maintained in
HTLV-1-infected HLA-DRB1*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).
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