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Summary

Adult T cell leukaemia/lymphoma (ATL) is a human T cell leukaemia virus
type-I (HTLV-I)-infected T cell malignancy with poor prognosis. We
herein developed a novel therapeutic vaccine designed to augment an
HTLV-I Tax-specific cytotoxic T lymphocyte (CTL) response that has been
implicated in anti-ATL effects, and conducted a pilot study to investigate
its safety and efficacy. Three previously treated ATL patients, classified as
intermediate- to high-risk, were subcutancously administered with the vac-
cine, consisting of autologous dendritic cells (DCs) pulsed with Tax pep-
tides corresponding to the CTL epitopes. In all patients, the performance
status improved after vaccination without severe adverse events, and Tax-
specific CTL responses were observed with peaks at 16-20 weeks. Two
patients achieved partial remission in the first 8 weeks, one of whom later
achieved complete remission, maintaining their remission status without
any additional chemotherapy 24 and 19 months after vaccination, respec-
tively. The third patient, whose tumour cells lacked the ability to express
Tax at biopsy, obtained stable disease in the first 8 weeks and later devel-
oped slowly progressive disease although additional therapy was not
required for 14 months. The clinical outcomes of this pilot study indicate
that the Tax peptide-pulsed IC vaccine is a safe and promising immuno-
therapy for ATL.

Keywords: adult T cell leukaemia/lymphoma, tumour vaccine, dendritic
cell, human T cell leukaemia virus type-I, cytotoxic T lymphocyte.

Poiesz et al, 1980; Hinuma et al, 1981). In particular, the

Adult T cell leukaemia/lymphoma (ATL) is an aggressive
lymphoproliferative disease caused by human T cell leukae-
mia virus type-I (HTLV-I) infection (Uchiyama et al, 1977;
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acute and lymphoma types of ATL are characterized by a
poor prognosis. Although the chronic and smouldering types
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of ATL exhibit milder disease progression, these diseases also
result in poor clinical outcome once they have converted to
the acute or lymphoma types.

One reason for the poor clinical outcome associated with
ATL is rapid progression of the disease at onset, which
requires a prompt diagnosis and effective first-line therapy.
Currently available first-line therapies for ATL include inten-
sive multi-agent chemotherapy (Tsukasaki et al, 2012), inter-
feron-o combined with zidovudine (Gill et al, 1995; Hermine
et al, 1995) and an anti-CCR4 antibody (mogamulizumab)
(Ishida et al, 2012).

Frequent relapse is another reason for the poor prognosis of
ATL, requiring subsequent administration of second-line
therapy that can produce a long-lasting anti-ATL effect. Hae-
matopoietic stem cell transplantation (HSCT) has been
reported to achieve a long-lasting remission in 30-40% of ATL
patients, although it occasionally induces treatment-related
mortality in a similar percentage of recipients (Utsunomiya
et al, 2001; Okamura et al, 2005; Hishizawa et al, 2010; Ishida
et al, 2013). In addition to the graft-versus-host response
(Tanosaki er al, 2008), the actions of Tax-specific cytotoxic
T lymphocytes (CTLs) have been implicated in the graft-
versus-ATL effects of HSCT. This is based on our previous
finding that ATL patients who obtained complete remission
following HSCT often exhibit activation of CD8* CTlls
specific for HTLV-I Tax (Harashima et al, 2004).

In untreated ATL patients, Tax-specific CTLs are either
undetectable or dysfunctional, if present (Takamori et al,
2011). Although ATL patients are in a severe immune sup-
pressive state, the impaired CTL response is not merely a
result of general immune suppression in the advanced dis-
ease, but also observed in the patients with earlier stages of
the disease in a selective manner for HTLV-I-specific
responses (Takamori er al, 2011). The anti-tumour effects of
Tax-specific T cells have been well characterized in animal
models, where Tax-coding DNA and Tax-peptide vaccines
have been shown to induce T cell immunity, thus eradicating
HTLV-I-infected lymphomas in rats (Ohashi et al, 2000;
Hanabuchi et al, 2001).

The efficacy of the vaccine targeting Tax in human ATL
patients remains unclear, and no such treatment has ever
been attempted as an actual therapy. This is partly because
the HTLV-I gene expression levels are believed to be very
low in vive (Kurihara et al, 2005; Rende et al, 2011), and
ATL cells occasionally lack the ability to express Tax (Takeda
et al, 2004). However, our previous finding of the Tax-spe-
cific CTL activation in ATL patients following HSCT from
uninfected donors indicated the presence of a sufficient level
of Tax expression for the CTL response in vivo (Harashima
et al, 2004).

These findings prompted us to attempt to develop a ther-
apeutic anti-ATL vaccine designed to angment a Tax-specific
CTL response that may partly reproduce the long-lasting
anti-tumour effects of HSCT as second-line therapy for
ATL. For the vaccine antigen, we used synthetic oligopep-

tides corresponding to the major epitopes recognized by
Tax-specific CTL identified in our previous studies of post-
HSCT ATL patients (Harashima et al, 2004, 2005). These
epitopes are restricted to HLA-A2, A24 or All, all of which
are common in the Japanese population. For the vaccine
adjuvant, we used autologous dendritic cells (DCs) induced
from the peripheral monocytes. Although previous reports
suggested dysfunctions of DCs in ATL patients (Makino
et al, 2000; Hishizawa ef al, 2004), the monocyte-derived
DCs obtained from ATL patients retained the ability of anti-
gen presentation in our preliminary experiments. The use of
autologous DCs loaded with tumour antigens have been
reported in various tumour vaccine trials of different
tumours (Nagayama et al, 2003; Ueda er al, 2004; Linette
et af, 2005; Fuessel et al, 2006; Thomas-Kaskel er al, 2006;
Wierecky et al, 2006).

The present pilot study investigated the safety and efficacy
of the Tax peptide-pulsed dendritic cell (Tax-DC) vaccine
when administered to augment Tax-specific CTL responses
in ATL patients.

Materials and methods

Study design

This dlinical study was approved by the institutional ethics
committee and registered as UMIN000011423. Three ATL
patients possessing HLA-A*02:01, A*24:02 and/or A*11:01,
in stable condition at least 4 weeks after the administration
of previous therapy, provided their written informed consent
and were enrolled in this study, which investigated the safety
and efficacy of the Tax peptide-pulsed DC (Tax-DC) vaccine
between September 2012 and February 2013.

HTLV-1 proviruses in the peripheral blood mononuclear
cells (PBMCs) were examined for the potential Tax expres-
sion and conservation of targeted CTL epitopes by analysing
their nucleotide sequences beforehand. All patients were sub-
cutaneously administered with Tax peptide-pulsed autolo-
gous DCs (5 x 10°) three times at 2-week intervals (Fig 1A)
at Kyushu University Hospital.

Patients

Patient 1 was a 69-year-old male who was diagnosed with
acute ATL in August 2011. After receiving four courses of
multi-agent chemotherapy, he achieved stable disease (SD).
Although additional treatment with lenalidomide was admin-
istered for a few weeks, it was discontinued due to the devel-
opment of thrombocytopenia. The patient was registered to
the study in September 2012.

Patient 2 was a 67-year-old female who was diagnosed
with acute ATL in December 2011. She presented with
remarkable systemic lymphadenopathy and splenomegaly, in
addition to an extremely high level of soluble interleukin-2
receptor (sIL2R; 57 815 u/ml). She received four courses of

® 2015 John Wiley & Sons Ltd, British Journal of Haematology



Tax-Targeted Dendritic Cell Vaccine Therapy for ATL

(A Apheresis Evaluation
!Tax—DC vaccine (s.c.) ,
DC
preparation l l l
- 6 8 10 (week)
5 &)  Ficoll-gradient ® csr n
(B) @@ Optiprep-gradient ® GN:I:4 @@
1 Adherence [ T e
{ PBMC "z] Monocytes Immature DC
B R (AZT) S {AZT)
Apheresis
MMC-
treatment ﬂm Tax peptrde ﬂ’( ;’”/(7
Vacceine {s.c. pr
< o) | Tax peptide-pulsed DC Mature DC
]
ATL patient (AZT)
©)
100 100 100 100
/\ [ 994 20-1 I 997
80 | fi 80 - 804 i 8o
> i H L
€ 60 ‘\ I 60 - 60 f I 60
E /| i
G 404 ,__._,i_g_______ 404 1l —— a0y by L] 404
R [ 2 ol | i L
. I 1 o 1 i 20+ ]
0 lf{ ){; K\\ T T \»V\a\:\'}' T 0 J -\\)\ \\v; - 0 _":“}"\,\ 1‘;\ o
0 10° 100 107 10° 10t 107 10° 0 100 101 107 10° 0 10 10' 10?7 10°
chbilc cbhi4 HLA-DR CDA4O
100 A 1001 " 100 - . 106 | {
b 776 | 992 f‘l i 993 I 383
so4 1 801 ;1 801 ;,* f%\ 804 1 |
% [ / l ji 7
E 60 {J /A 601 | a of I [ i I
S i i 1 | H H i
O 404 e 40 -2 !% —t w0 [ Ae—
R 3 | m T e
20 V | 20 / \ 20- } J 201 | A 4
'j, i y },\ ) x{' \ I\\\ \\\
0 e iy . 0 o ror rosi 0 Sy ey 0 e s o
0 10° 10 107 10° 0 100 10t 107 10° 0 10° 10' 107 108 0 1% 10t 107 108
cD83 CD80 CD86 CCR7

Fig 1. Outline of the Tax-DC vaccine therapy. (A) Schedule for the Tax-DC vaccine therapy. (B) Preparation of the monocyte-derived dendritic
cells (DCs). Monocytes were enriched via serial density gradient centrifugation, and the adherent cells were cultured in the presence of granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) and interleukin 4 (IL4) for 5 d, followed by 48 h of culture with TNF-a, keyhole limpet
haemocyanin (KLH), and OK432. A total of 10 pmol/l of zidovudine (AZT) was added whole throughout the culture. The matured DCs were
pulsed with synthetic Tax peptides, treated with Mitomycin C (MMC), and then cryopreserved prior to subcutaneous injection. (C) Representa-
tive phenotype of mature dendritic cells prepared from Patient 1 prior to administration, as evaluated using flow cytometry. The red histograms
indicate the results of staining with monoclonal antibodies for the indicated molecules, while the black histograms indicate the results of staining
with control antibodies. ATL, Adult T cell leukaemia/lymphoma; PBMC, peripheral blood mononuclear cells.
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multi-agent chemotherapy and achieved a partial remission
(PR). Due to the development of disease recurrence with
rapid progression after 2 months, treatment with mog-
amulizumab and low-dose chemotherapy (sobuzoxane + eto-
poside) was added. After obtaining a second PR, the patient
was registered to the study in November 2012.

Patient 3 was a 56-year-old female diagnosed with acute
ATL who presented with severe pneumocystis pneumonia in
August 2012. After receiving two courses of multi-agent che-
motherapy followed by two courses of mogamulizumab com-
bined with chemotherapy, she achieved a PR. Further
intensive treatment was not planned due to the development
of severe respiratory dysfunction. The patient was registered
to the study in February 2013.

The clinical information of the patients at enrollment is
summarized in Table I.

Preparation of Tax peptide-pulsed DCs

Monocyte-derived DCs were generated from apheresis samples
collected from the peripheral blood (6 1) of ATL patients at
institutional cell processing facilities according to the good
manufacturing practice (GMP) standard using a previously
reported method, with some modifications (Nagayama et al,
2003) (Fig 1B). Briefly, monocytes enriched via serial density
gradient centrifugation on Ficoll-Paque Plus (GE Healtheare,
Uppsala, Sweden) and density-adjusted Optiprep (1-073 g/ml;
Axis-Shield PoC, Oslo, Norway) were cultured at 37°C for 2 b,
after which the adherent cells were cultured in CellGro DC
medium (CellGenix GmbH, Freiburg, Germany) with 1000 iu/
ml of granulocyte-macrophage colony-stimulating factor (Leu-
kine; Bayer HealthCare Pharmaceuticals, Seattle, WA, USA)
and 100 iw/ml of 114 (Miltenyi Biotec, Bergisch Gladbach,
Germany) for 5 d. The resulting monocyte-derived DCs were
matured in the presence of 10 ng/ml of TNF-o (Miltenyi Bio-
tec) and 12-5 pg/ml of keyhole limpet haemocyanin (KLH;
Calbiochem, La Jolla, CA, USA) for 48 h, with 0-1 Clinical unit
(Klinische Einheit; KE)/ml of OK432 (Picibanil; Chugai Phar-
maceutical Co. Ltd., Tokyo, Japan) for the last 24 h. The
matured DCs were pulsed with 2 pg/ml of synthetic peptides

Table 1. Patient characteristics at enrollment.

(NeoMPS; PolyPeptide Laboratories Group, San Diego, CA,
USA), including Tax11-19 (LLEGYPVYV) (Kannagi et al,
1992) or Tax301-309 (SFHSLHLLY) (Harashima et al, 2004)
restricted to HLA-A*02:01 or -A*24:02 respectively, and trea-
ted with Mitomycin C (MMGC; Kyowa Hakko Kirin Co. Ltd.,
Tokyo, Japan) (50 pg/ml) in order to inactivate the ATL cells
potentially contained in the preparation. As DCs are reported
to be susceptible for HTLV-I infection (Jones et al, 2008),
10 wmol/l of zidovudine (Retrovir, AZT; GlaxoSmithKline,
Research Triangle Park, NC, USA) was added whole through-
out the culture to avoid de rovo infection. The peptide-pulsed
DCs were then washed and examined for safety by checking
for contamination with bacteria, fungi, mycoplasma and/or
endotoxins, then cryopreserved until use. The cells (5 x 10%)
were subsequently thawed and washed prior to administration.

Evaluation of adverse events and the clinical response

Toxic effects were graded according to the Common Termi-
nology Criteria for Adverse Events version 3.0 (httpy//
ctep.cancer.gov/protocolDevelopment/electronic_applications/
docs/ctcaev3.pdf). The clinical response was evalnated
according to the criteria proposed by the international con-
sensus meetings that led to the modification of the Japan
Clinical Oncology Group criteria (Tsukasaki er al, 2009).
Briefly, complete remission (CR) was defined as the disap-
pearance of all clinical, microscopic and radiographic evi-
dence of discase. PR was defined as a 250% reduction in the
level of measurable disease without the appearance of new
lesions. In addition, the diagnosis of a PR was required to
satisfy a 50% or greater reduction in the absolute abnormal
lymphocyte count in the peripheral blood. Progressive dis-
ease (PD) or relapsed disease was defined as a 250% increase
from the nadir in the sum of the products of measurable dis-
ease or the appearance of new lesions, excluding the skin.
Stable disease (SD) was defined as the failure to attain CR/
PR nor PD.

The soluble IL2 receptor (sIL2R) level, HTLV-1 proviral
load and Tax-specific CTL response were monitored in addi-
tion to the results of general laboratory tests. Adverse effects

Patient 1

Patient 2 Patient 3

Age (years)/gender 70/ male
HLA-A allele 24:02, 31:01
Subtype of ATL Acute

Previous therapy mEPOCH,
lenalidomide
Disease status sD

2-5 months
14 months
Allergic dermatitis

Interval from previous therapy
Duration since diagnosis
Complication

68/ female 57/ female

24:02, 26:03 02:01, 11:01

Acute Acute

mEPOCH, mEPOCH,
mogamulizumab + PVP mogamulizumab + PVP

PR PR

1-5 months 2 months
6 months

Interstitial pneumonia .

11 months
Breast cancer, DM, NASH

mEPOCH, modified combination chemotherapy with etoposide + prednisone + vincristine + doxorubicin + carboplatin; PVP, combination che-
motherapy with sobuzoxane + etoposide; SD, stable disease; PR, partial remission; DM, diabetes mellitus; NASH, nonalcoholic steatohepatitis.

@ 2015 John Wiley & Sons Ltd, British Journal of Haematology



and the clinical response were monitored and evaluated at
8 weeks after the initiation of the Tax-DC vaccine therapy.

Tax-specific CTL analysis

Phycoerythrin (PE)-conjugated HLA-A*0201/Tax11-19, HLA-
A*1101/Tax88-96 and HLA-A*2402/Tax301-309 tetramers
were purchased from Medical & Biological Laboratories, Co.,
Ltd. (Nagoya, Japan). Whole blood samples or PBMCs were
stained with PE-conjugated Tax/HLA tetramers, together with
fluorescein  isothiocyanate (FITC)-conjugated anti-buman
CD3 and PE/cyanin 5 (Cy5)-conjugated anti-human CDS3
monoclonal antibodies (mAbs) (Biolegend, San Diego, CA,
USA), then fixed in Becton Dickinson (BD) FACS lysing solu-
tion (BD Biosciences, San Jose, CA, USA), followed by analysis
on the FACS Calibur system using the ceiLouest software pro-
gram (BD Biosciences). For staining intracellular IFN-v pro-
duction, PBMCs pre-stained with PE-conjugated Tax/HLA
tetramers and anti-human CD8-PE/Cy5 mAb were incubated
at 37°C for 6 b in the presence of cognate Tax peptides
(10 pmol/l), with brefeldin A (10 pg/ml Sigma Aldrich, St
Louis, MO, USA) for the last 5 h. The cells were then per-
meablized using BD Cytofix/Cytoperm Fixation/Permeabiliza-
tion Kit (BD Biosciences) and stained with FITC-conjugated
anti-human [FN-y mAb (45.B3; BioLegend).

Detection of HTLV-I gene expression

To detect intracelfular HTLV-1 antigens, cells were serially
treated with 4% paraformaldehyde for 10 min and 100%
methanol for 10 min on ice, and then stained with Alexa
Fluor 488-labelled anti-Tax Lt-4 (Lee et al, 1989) or isotype
control mAbs followed by flow cytometry.

Tax-Targeted Dendritic Cell Vaccine Therapy for ATL

To quantify HTLV-1 pX mRNA, total RNA extracted by
using Isogen (Nippon Gene, Tokyo, Japan) were treated with
DNase (Ambion, Austin, TX, USA), and subjected to quant-
tative reverse transcription polymerase chain reaction (RT-
PCR) with the primer sets specific for HTLV-1 pX (forward,
5-CGG ATA CCC AGT CTA CGT GTIT TGG AGA CT-3;
reverse, 5'-GAG CCG ATA ACG CGT CCA TCG ATG GGG
TCC-3") and GAPDH (forward, 5-TGA TIT TGG AGG
GAT CIC GCT CCT GGA AGA-3'; reverse, 5'-GTG AAG
GTC GGA GTC AAC GGA TTT GGT CGT-3') by using
LightCycler Fast Start DINA Master SYBR Green I (Roche
Diagnostics, Mannheim, Germany) after reverse transcription
with oligo(dT)20 primers. The pX mRNA levels were stan-
dardized against GAPDH mRNA copy numbers.

Results

Feasibility of the DC preparation in ATL patients

We obtained 4-3-10-6 x 107 DCs with 72-2-91-3% purity.
The cells exhibited the phenotype of mature DCs (CD11c™,
CD80™, CD86*, CD83"Y, CD40”, HLA-DR™). The representa-
tive results obtained in Patient 1 are shown in Fig 1C. The
HTLV-1 proviral load of the PBMCs in the input apheresis
samples were 114-8, 367 and 25-5 copies/1000 cells in the
three patients respectively, with final loads in the DCs of 5.9,
5-0 and 10-3 copies/1000 cells, respectively.

Clinical courses after the Tax-DC vaccine therapy in the
ATL patients

The clinical outcomes of the Tax-DC vaccine therapy in the
three patients are summarized in Table 11

Table II. Clinical responses after the Tax-DC vaccine therapy in the three ATL patients.

Clinical response in 8 weeks after initiation of the Patient 1*

Patient 27 Patient 3%

vaccine therapy

Time at evaluation Pre-therapy 8 weeks Pre-therapy 8 weeks Pre-therapy 8 weeks
KPS (%) 70 90 70 80 70 90
LDH (iu/l) 473 245 250 326 329 268
sIL2R (u/ml) 19 056 1866 806 1462 1739 871
HTLV-1 PVL (copies/1000 PBMCs) 114-8 124 36-7 14-9 17-7 29-6
Clinical response - PR - SD - PR

Long-term outcomes
TTINT (months from registration) 25+ 15 20+
Survival (months from diagnosis) 39+ 34 26+

KPS, Karnofsky performance status; LDH, lactate dehydrogenase; HTLV-I PVL, human T cell leukaemia virus type-I proviral load, PBMCs,
peripheral blood mononucdlear cells; 8D, stable disease, PR, partial remission; TTNT, time to next anti-tumour therapy.
*The size of the lymph nodes in Patient 1 repeatedly increased and decreased, especially at time points later than 6 months after initiation of vac-

cine therapy.

FPatient 2 was considered to have developed a progressive disease at 6 months after the initiation of the vaccine therapy.

IPatient 3 achieved complete remission at 6 months after the initiation of the vaccine therapy.

© 2015 John Wiley & Sons Ltd, British Journal of Haematology
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Patient 1 was positive for HLA-A*24:02 and vaccinated
with Tax 301-309 peptide-pulsed DCs. Following the first
administration of the Tax-DC vaccine, he developed a fever
(grade 2), dermatitis (grade 2) and diarrhoea (grade 1). The
white blood cell count, level of ATL cells in the peripheral
blood and LDH level in the serum showed remarkable fluc-
tuation during the vaccination, and then stabilized after the
third administration of the vaccine (Fig 2A). In Patient 1,
the level of sIL2R, which is a sensitive tumour marker for
ATL, decreased from 19 056 to 1866 u/ml (normal range:
<570 u/ml) by 8 weeks of therapy (Fig 2B). In addition, his
surface lymph nodes decreased in size (Fig 2C), and he
achieved a partial remission (PR) that persisted for at least
24 weeks. He returned to his normal life, and his Karnofsky
performance status (KPS) improved from 70% to 100%.
Although the size of the patient’s lymph nodes and the level
of sIL2R fluctuated at later time points, he has remained in

( A) Tax-DC vaccine
40 1 11 500
15| 450
—WEC 400
30
f’f - ATLcell 350
perasa LOH
2,25
= 300
x
= 20 250
fod
2 " 00
o 15
& 150
10
100
5 PR PN 50
S : tt
0 ______ -t u, Q.,\h ——— 0
-10 -5 0 5 10 15

Time after vaccination {weeks)

Before

(C) e

remission for more than 24 months after the completion of
the Tax-DC vaccine therapy, without any additional anti-
tumour treatment.

Patient 2 had HLA-A*24:02 and was vaccinated with Tax
301-309 peptide-pulsed DCs. She developed a low-grade
fever and dermatitis (grade 2) after each vaccine administra-
tion. However, no severe adverse events were observed dur-
ing her clinical course. At 8 weeks of therapy, she was
considered to have achieved SD. Although there was no
objective response, an improvement in the KPS was noted.
She was subsequently considered to have developed PD
6 months after the initiation of the Tax-DC vaccine therapy.
Nevertheless, due to slow progression of the disease and her
stable general condition, she was followed without any addi-
tional anti-tumour therapy until 14 months after the com-
pletion of vaccination. The patient died of infection
23 months after the initiation of the vaccine therapy.
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Fig 2. Clinical courses of the patients after the Tax-DC vaccine therapy. (A) Changes in the peripheral white blood cell count (WBC, solid line),
ATL cell count {dashed line) and lactate dehydrogenase (LDH) level (fine dotted line) during the initial 15 weeks in Patient 1. The arrows indi-
cate the days of Tax-DC vaccine administration. (B) Kinetics of the sIL2R levels in the sera obtained from Patients 1 (red), 2 (green) and 3 (blue)
during the long-term observation period after the initiation of the Tax-DC vaccine therapy. (C) Computerized tomography images of the axillary
(top) and inguinal (bottom) lymph nodes (arrows) of Patient 1 before and 8 and 24 weeks after the initiation of the Tax-DC vaccine therapy.
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Patient 3 had HLA-A*02:01 and A*11:01. Although pep-
tides of CTL epitopes for both HLA alleles were available, we
chose the Tax]1-19 peptide for HLA-A2 because HLA-A2
has a higher frequency in Japanese individuals. After each
vaccination, the patient developed a low-grade fever and der-
matitis (grade 2); however, no other severe adverse events
were noted, She achieved a PR with an improvement in the
KPS 8 weceks after the initiation of the Tax-DC vaccine ther-
apy. Thereafter, the level of sIL2R returned to normal
(Fig 2B). The patient subsequently achieved a CR at
6 months and has remained in this status for more than
19 months after the completion of the Tax-DC vaccine
therapy.

Immunological responses after the Tax-DC vaccine
therapy

In Patient 1, Tax-specific CD8" CTLs (HLA-A*24:02/
Tax301-309 tetramer”) were detectable prior to vaccination,
and their [requency in peripheral CD8" cells transiently
decreased during the Tax-DC vaccine administration, then
recovered and maintained a constant level with some fluctua-
tion (Fig 3A). The IFN-y production from Tax-specific CTL
also fluctuated. It is noteworthy that a vigorous proliferative
response of Tax-specific CI'Ls was observed in vitro in the

PBMC sample obtained at 20 weeks after the initiation of

the Tax-DC vaccine therapy (Fig 3B}, in which the propor-
tion of HLA-A*24:02/Tax301-309 tetramer” cells in CD8”
cells increased up to 22-5% within 2 weeks of the culture. A
mild proliferative response of CTLs was also observed at
12 weeks. Samples obtained from the same patient prior to
vaccination lacked such strong responses, implying a func-
tional improvement in CTLs after the Tax-DC vaccine
therapy.

Similar to that observed in Patient I, a markedly increased
level of spontaneous in vitro proliferative responses of Tax-
specific CTLs was observed in the PBMC samples obtained
from Patient 2 at 16 weeks after the initiation of the Tax-DC
vaccine therapy, although the CTLs of this patient had exhib-
ited a proliferative response prior to vaccination to a lesser
degree (Fig 3B). The IFN-y producing response of the CTL
in this patient slightly improved after vaccination and
showed some peaks at later time points.

As the size of the lymph nodes in Patient 2 did not
improve within the first 8 weeks, a biopsy of the inguinal
lymph node was performed at 9 weeks during the study per-
iod. The tumour cells isolated from the lymph node were
CD4" CD8" CCR4™ (Fig 4A) and possessed HTLV-1 provi-
ruses {8495 copies/1000 cells). However, HTLV-I Tax pro-
teins or mRNA expression was not induced in the lymph
node cells after a short-term in vitro culture, whereas the
viral expression was inducible in the PBMC sample of the
same patient before vaccination (Fig 4B,C).

Tax-specific CTLs were below detectable levels prior to
vaccination in Patient 3. However, 2 weeks after the initjation

© 2015 John Wiley & Sons Ltd, British Journal of Haematology
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of the vaccine therapy with Tax 11-19 peptide-pulsed DCs,
CD8" Tax-specific CTLs became detectable with HLA-
A*0201/Tax11-19 tetramers, but not HLA-A¥1101/Tax88-96
tetramers (Fig 3A). Although the IFN-v producing response
was barely detectable because of the low CTL frequency, an
in vitro proliferative response of Tax-specific CTLs was
observed in the PBMC samples obtained from Patient 3 most
clearly at 16 weeks of the Tax-DC vaccine therapy, upon
stimulation with Tax11-19 peptides, but not Tax 88-96 pep-
tides (Fig 3B).

In all three patients, the level of the proviral load in the
peripheral blood mostly remained below 100 copies per 1000
PBMCs at least for 1 year after vaccination, with the excep-
tion of sporadic small spikes (Fig 3A).

Discussion

Although various therapeutic trials have been conducted, the
prognosis of ATL remains dismal. According to the simpli-
fied ATL prognostic index (ATL-PI} (Katsuya et al, 2012),
the median survival tme is only 4-6, 7-0 and 16-2 months,
while the Z-year overall survival rate is 6%, 17% and 37%,
for patients in high-, intermediate- and low-risk groups,
respectively. According to the ATL-PI, Patients 1 and 2 were
clagsified as intermediate-risk, while Patient 3 was classified
as high-risk. Therefore, it is quite unique and surprising that
all three patients remained in a favourable condition, without
the need for any additional anti-tumour therapy, for at least
24, 14 and 19 months respectively, after only three adminis-
trations of the Tax-DC vaccine. In particular, Patients 1 and
3 obtained PR by 8 weeks after the initiation of the Tax-DC
vaccine therapy.

Although these results are exciting, we camnot com-
pletely rule out the persisting effects of lenalidomide and/
or mogamulizumab, which were previously administered in
cach patient prior to the Tax-DC vaccine therapy. These
previous treatments may also have positively contributed
to the present results via their immunomodulatory effects.
According to recent reports, mogamulizumab has been
shown to decrease the level of CCR4™ regulatory T cells
(Ishida & Ueda, 2011), and lenalidomide has immunomod-
ulatory effects indirectly enhancing the activity of natural
killer and T cells (Wu et al, 2008; De Keersmaecker et al,
2012).

The biopsy specimen of a residual swface lymph node
from Patient 2 contained HTLV-1 proviruses, although the
viral expression was not inducible in the isolated cells even
after in vitro culture (Fig 4). In general, induction of Tax
expression after short-term culture is observed in approxi-
mately 50% of ATL cases (Kurihara er al, 2005). In the other
50% of ATL cases, the ATL cells lack the ability to express
Tax, presumably due to the genomic and epigenetic changes
in the HTLV-I proviruses (Takeda er al, 2004). Given that
the viral expression was inducible in PBMCs of Patient 2
obtained prior to vaccination, the absence of viral induction
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Fig 3. Immunological responses in the three patients after the Tax-DC vaccine therapy. (A) Long-term kinetics of the Tax-specific cytotoxic T
cells (CTLs; % CD8+ cells, blue solid line), and y-interferon (IFN-v)-producing Tax-specific CTLs (% CD8+ cells, blue broken line), and human
T cell leukaemia virus type-1 proviral load (HTLV-1 PVL) {copies/1000 peripheral blood mononuclear cells (PBMCs), red] in the peripheral blood
of the three patients. Each arrow indicates administration of the vaccine. (B) The proliferative ability of the Tax-specific CTLs was evaluated using
flow cytometry following incubation of the PBMCs for 1315 d in vitro with cognate Tax peptide (100 nmol/l} or dimethyl sulfoxide (DMSO) in
the presence of 10 u/ml of recombinant human IL2. The cells were stained with HLA/Tax tetramer-PT, anti-human CD8-PE-Cy5 mAb and anti-
human CD3-FITC mAb. The values represent the percenlage of tetramer” cells/CD3" CD8” cells.
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Fig 4. Absence of HTLV-I expression in the lymph node cells obtained from Patient 2. Cells were isolated from a biopsy specimen of the inguinal
lymph node (LN) from Patient 2 at 9 weeks after the initiation of the Tax-DC vaccine therapy and subjected for characterization. {A) The cell
surface phenotype of the LN cells immediately after isolation was analysed following staining with the indicated mAbs. (B) The intracellular Tax
and CCR4 expression levels (red) in the LN cells after a 1-d culture in vitro were analysed following fixation of the cells with methanol. The blue
histogram indicates the results of control antibody staining. (C) The HTLV-1 pX mRNA expression levels in the LN cells before and after a 1-d
culture in vitro were evaluated by quantitative reverse transcription polymerase chain reaction. The viral mRNA expression in peripheral blood
monocnuclear cells (PBMCs) obtained from the same patient before vaccination was similarly analysed as a positive control. The relative values
standardized by GAPDH mRNA copy numbers were indicated as the means and standard deviations of duplicate samples. The proviral load
(PVL) in the samples {copies/1000 cells) is indicated in parenthesis.

© 2015 John Wiley & Sons Ltd, British Journal of Haematology 9



Y. Suehiro et af

in the lymph node cells suggests that these tumour cells had
escaped from Tax-specific CTLs.

Intriguingly, the Tax-specific CTLs demonstrated a vigor-
ous proliferative response in vitro in all three patients at
approximately 16-20 weeks after the initiation of the Tax-
DC vaccine therapy. In particular, in Patients 1 and 2, the
CTLs proliferated stimulation
(Fig 3B). Similar phenomena have been reported in patients
with HTLV-I-Associated Myelopathy/Tropical Spastic Para-
paresis (Jacobson et al, 1990; Takamori et al, 2011} and
occasionally in ATL patients post-HSCT (Harashima er al,
2005), interpreted to be the result of a normal CTL response
against HTLV-I-infected cells in vivo. In the present study,
although it is unclear whether the Tax-DC vaccine newly
induced CTLs or simply activated pre-existing CTLs, Tax-
specific CTLs appear to survey infected cells, at least for sev-
eral months after the Tax-DC vaccine therapy, in responding
to the dynamic activity of HTLV-I-infected cells in vivo.

In Patient 3, the Tax-specific CTLs emerged after vaccina-
tion and exhibited a clear proliferative response that peaked
at 16 weeks. This response was preferentially directed toward
the HLA-A2-restricted Tax epitope used for the therapy, not
the HLA-All-restricted epitope, suggesting the contribution
of the Tax-DC vaccine therapy to CTL induction.

Although active CTL responses were observed in the first
several months in all three patients, the responses dimin-
ished thereafter. At later time points (6 months or later) the
sIL2R levels gradually increased in Patients 1 and 2 (Fig 2B).
This finding suggests the need for a boosting vaccination or
additional treatment to decrease the degree of immune sup-
pression in order to maintain long-lasting anti-tumour
effects.

In conclusion, the Tax-DC vaccine therapy is a safe and
feasible treatment for ATL patients in stable condition. The
promising clinical outcomes observed in the present study
imply that the Tax-DC vaccine therapy has the potential to
be an effective second-line treatinent for ATL, although the
anti-tumour effects of this vaccine therapy must be con-
firmed in further dinical trials with an increased number of
patients. To our knowledge, this is the first clinical report to
show the significance of a therapeutic vaccine targeting viral
antigens as a new treatment modality for HTLV-I-induced
malignancies. Given that Tax-specific CTL responses are

spontaneously  without

impaired in patients with smouldering types of ATL and also
in a small subset of asymptomatic HTLV-1 carriers (Taka-
mori et al, 2011}, the vaccine therapy may be beneficial in
these populations as well. The present study thus provides
important information in a new era of anti-ATL immune
therapies with the potential to be extended for prophylaxis of
the disease in the future.

Acknowledgements

We thank Satomi Ando and Yuji Murakami (Tokyo Medical
and Dental University), and Eri Watanabe (Tokyo Univer-
sity) for performing the immunological analysis. This work
was supported by an anti-cancer grant from the Ministry of
Health, Labour and Welfare of Japan, and the scientific sup-
port program for cancer research of the Ministry of Educa-
tion, Culture, Sports, Science and Technology of Japan.

Authorship

Y.S. designed the study, prepared the protocol, administered
the Tax-DC therapy in patients and analysed the data. A.H.
designed the study, prepared the protocol, established the
method of Tax-DC preparation and analysed the data. T.L
administered the Tax-DC therapy in the patients. A8, R.T,
AT, 1.C, TF, OM. and T.T. participated in the protocol
preparation. M.M. performed the provirus amalysis. N.W.
and AT. performed the flow cytometric analysis. S.T. and
K.A. supervised the institutional cell processing. M.K. pro-
posed the initial idea and concept, designed the study, pre-
pared the protocol and analysed the data. N.U. and J.O.
supervised and coordinated the clinical and basic studies.
MK, Y.S., AH. and J.O. wrote the manuscript. All co-
authors approved the final version of the manuscript.

Disclosure

Tokyo Medical and Dental University holds a patent for the
Tax epitope for HLA-A*11:01, of which M. Kannagi and R.
Tanosaki are included in the inventors. This epitope was not
used for a vaccine in the present study. S. Takaishi receives
grants and personal fees from the MEDINET Co. Ltd., out-
side the submitted work.

References

De Keersmaecker, B., Allard, S.D., Lacor, P.,
Schots, R., Thielemans, K. & Aerts, J.L. (2012)
Expansion of polyfunctional HIV-specific T
cells upen stimulation with mRNA electropo-
rated dendritic cells in the presence of immu-
nomodulatory drugs. Journal of Virology, 86,
9351-9360.

Fuessel, S., Meyve, A., Schmirz, M., Zastow, S,
Linne, C., Richter, K., Lobel, B., Hakenberg,
O.W., Hoelig, K., Rieber, EP. & Wirth, M.P.

10

{2006) Vaccination of hormone-refractory pros-
tate cancer patients with peptide cocktail-loaded
dendritic cells: results of a phase T clinical trial
The Prostate, 66, 811-821.

Gill, P.S., Harrington, W. Ir, Kaplan, M.H., Ribe-
iro, R.C., Beanett, [.M., Liebman, H.A., Bern-
stein-Singer, M., Espina, B.M., Cabral, L., Allen,
S., Kornblau, M.D., Pike, M.C. & Levine, A.M.
(1995) Treatment of adult T-cell leukemia-lym-
phoma with a combination of interferon alfa
and zidovudine. New England Journal of Medi-
cine, 332, 1744-1748.

Hanabuchi, S., Ohashi, T., Koya, Y., Kato, H., Ha-
segawa, A., Takemura, F., Masuda, T. & Kann-
agl, M. {2001) Regression of human T-cell
leukemia virus type I (HTLV-Ij-associated Iym-
phomas in a rat model: peptide-induced T-cell
immunity. Journal of the National Cancer Insti-
tute, 93, 1775-1783.

Harashima, N., Kurihara, K, Uisunomiya, A.,
Tanosaki, R., Hanabuchi, S, Masuda, M., Oh-
ashi, T., Fukui, F., Hasegawa, A., Masuda, T,
Takaue, Y., Okamura, J. & Kannagi, M. (2004}
Graft-versus-Tax  response in  adult  T-cell

@ 2015 John Wiley & Sons Ltd, British Journal of Haematology



leukemia patients after hematopoietic stem cell
transplantation. Cancer Research, 64, 391-399.

Harashima, N., Tanosaki, R., Shimizu, Y., Kuriha-
ra, K., Masuda, T.. Okamura, . & Kannagi, M.
(2005) Identification of two new HLA-A*1101-
restricted tax epitopes recognized by cytotoxic T
lymphocytes in an adult T-cell leukemia patient
after hematopoietic stem  cell transplantation.
Journal of Virelogy, 79, 10088-10092.

Hermine, O., Bouscary, ., Gessain, A, Turlure,
P., Leblond, V., Franck, N., Buzyn-Veil, A., Rio,
B., Macintyre, E., Dreyfus, I. & Bazarbachi, A
(1995) Brief report: treatment of adult T-cell
leukemia-lymphoma with zidovudine and inter-
feron alfa. New Fngland Jowrnal of Medicine,
332, 17491751

Hinuma, Y., Nagata, K., Hanaoka, M., Nakaj, M.,
Matsumoto, T., Kinoshita, K., Shirakawa, 8. &
Miyoshi, 1. (1981) Adult T-cell leukemia: anti-
gen in an ATL cell line and detection of anti-
bodies 10 the antigen in human sera. Proceedings
of the National Academy of Sciences of the United
States of America, 78, 6476--6480.

Hishizawa, M., Imada, K,, Kitawaki, T,, Ueda, M.,
Kadowaki, N. & Uchiyama, 1. (2004) Depletion
and impaired interferon-alpha-producing capacity
of blood plasmacytoid dendritic cells in human
T-cell Jeukaemia virus type I-infected individuals.
British Journal of Haemaiology, 125, 568--575.

Hishizawa, M., Kanda, ], Utsunomiya, A., Tanigu-
chi, 5., Eto, T\, Moriuchi, Y., Tanosaki, R., Kaw-
ano, F., Mivazaki, Y., Masuda, M., Nagafuji, K.,
Hara, M., Takanashi, M., Kai, S, Atsuta, Y., Su-
zuki, R., Kawase, T., Matsuo, K., Nagamura-
Inouve, T., Kato, S, Sakamaki, H., Morishima,
Y., Ckamura, [, Ichinohe, T. & Uchiyama, T.
(2010) Transplantation of allogeneic hematopoi-
etic stemy cells for adult T-cell leukemia: a
nationwide retrospective  study,  Blood, 116,
1369-1376.

Ishida, T. & Ueda, R. (2011) Immunopathogenesis
of lymphoma: focus on CCR4. Cancer Science,
102, 44-50.

Ishida, T., Joh, T., Uike, N., Yamamoto, K., Uts-
unomiya, A, Yoshida, S., Saburi, Y., Mivamoto,
T., Takemoto, S., Suzushima, H., Tsukasaki, K.,
Nosaka, K., Fujiwara, H., Ishitsuka, K., Inagaki,
H., Ogura, M., Akinaga, S., Tomonaga, M., To-
binai, K. & Ueda, R. {2012) Defucosylated anti-
CCR4  monoclonal antibody (KW-0761) for
relapsed adult T-cell leukemia-lymphoma: a
multicenter phase II study. Journal of Clinical
Orcology, 30, 837-842.

Ishida, T., Hishizawa, M., Kato, K., Tanosaki, R.,
Fukuda, T., Takatsuka, Y., Fto, T., Mivazaki, Y.,
Hidaka, M., Uike, N., Mivamoto, T., Tsudo, M.,
Sakamaki, H., Morishima, Y., Suzuld, R, & Uts-
unomiya, A. {2013} Impact of grafi-versus-host
disease on allogeneic hematopoietic cell trans-
planiation for adult T cell leukemia-lymphoma
focusing on preconditioning regimens: nation-
wide retrospective study. Biology of Blood and
Marrow Trausplantation, 19, 1731-1739.

Jacobson, S., Shida, H., McFarlin, D.E,, Fauci, A.S.
& Koenig, S. {1990) Circulating CD8+ cytotoxic

Tax-Targeted Dendritic Cell Vaccine Therapy for ATL

T lymphocytes specific for HTLV-D pX in
patients with HTLV-L associated neurological
discase. Nature, 348, 245248,

Jones, K.S., Pewow-Sadowski, C., Huang, YK,
Bertolette, 1.C. & Ruscerti, F.W, (2008) Cell-
free HTLV-1 infects dendritic cells Jeading to

transmission and transformation of CD4(+) T
cells. Nature Medicine, 14, 429-436.

Kannagi, M., Shida, H., Tgarashi, H., Kuruma, K,
Murai, H., Aono, Y., Maruyama, L, Osame, M.,
Hattori, T., Inoke, H. & Harada, 8, (1992) Tar-
get epitope in the Tax protein of human T-cell
Jeukemia virus type T recognized by class T major
histocompatibility complex-restricted cylotoxic
T cells. Journal of Virology, 66, 2928~2933,

Katsuya, H., Yamanaka, T, Ishitsuka, K.
Utsunomiya, A., Sasaki, H., Hanada, §., Lo, T,
Moriuchi, Y., Saburi, Y., Miyahara, M., Sucoka,
E., Uike, N., Yoshida, 5., Yamashita, K., Tsuka-
saki, K., Suzushima, H., Obno, Y., Maisuoka,
H., Jo, T., Suzumiya, . & Tamura, K. {2012)
Prognostic index for acute- and lymphoma-type
adult T-cell Jeukemia/lymphoma.  Jowrnal of
Clinical Ongology, 30, 1635-1640.

Kurihara, K., Harashima, N., Hanabuchi, 5., Masu-
da, M., Utsunomiya, A., Tanosaki, R., Tomona-
ga, M., Ohashi, T., Hasegawa, A., Masuda, T,
Okamura, J., Tanaka, Y. & Kannagi, M. (2005)
Potential immunogenicity of adult T cell leuke-
mia cells in vivo, International Jownal of Cancer,
114, 257--267.

Lee, B., Tanaka, Y, & Tozawa, H. {1989) Monoclo-
nal antibody defining tax protein of human
T-cell Jeukemia virus type-1. The Tohoku journal
of Experimental Medicine, 157, 1-11.

Linette, G.P., Zhang, D., Hodi, F.S,, Jonasch, EP.,
Longerich, S, Stowell, C.P., Webb, 1], Daley,
H., Soiffer, R.J., Cheung, AM.,, Eapen, S.G., Fee,
S.V., Rubin, K.M., Sober, AJ. & Haluska, F.G.
(2005) Immunization using autologous dendritic
cells pulsed with the melanoma-associated anti-
gen  gplO0-derived G280-9V  peptide  elicits
CD8+ immunity. Clinical Cancer Research, 11,
7692-7699.

Makine, M., Wakamatsu, S., Shimokubo, S.,
Arima, N. & Baba, M. {2000} Production of
functionally  deficient  dendritic  cells  from
HTLV-I-infected monocytes: implications for
the dendritic cell defect in adult T cell Jeukemia.
Virology, 274, 140-148.

Nagayama, H., Sato, K., Morishita, M., Uchimaru,
K., Qyaizu, N, Inazawa, T, Yamasaki, T.,
Enomote, M., Nakaoka, T., Nakamura, T., Maek-
awa, T., Yamarmoto, A., Shimada, S., Saida, T.,
Kawakami, Y., Asano, S., Tani, K., Takahashi,
T.A. & Yamashita, N. (2003] Results of a phase I
clinical study using autologous tumour lysate-
pulsed monocyte-derived mature dendritic cell
vaccinations for stage IV malignant melanoma
patients combined with low dose interfeukin-2.
Melanoma Research, 13, 521-530.

Ohashi, T., Hanabuchi, S., Kato, H., Tateno, H.,
Takemura, F, Tsukahara, T, Koya, Y., Hasega-
wa, A, Masuda, T. & Kannagi, M. (2000) Pre-

vention of adult T-cell leukemia-like

® 2015 John Wiley & Sons Ltd, British Journal of Haematology

lymphoproliferative discase in rais by adoptively
wansferred T cells from a donor immunized
with human T-cell Jeukemia virus type 1 Tax-
coding DNA vaccine. Journal of Virology, 74,
96109616,

Okamura, J., Utsunomiya, A., Tanosaki, R., Uike,
N., Sonada, S., Kannagi, M., Tomonaga, M.,
Harada, M., Kimura, N., Masuda, M., Kawano,
F., Yufu, Y., Hattori, H., Kikuchi, H. & Saburi,
Y. (2005) Allogeneic stem-cell transplantation
with reduced conditioning intensity as a novel
immunotherapy  and  antiviral  therapy  for
adult Tecell leukemiaflymphoma. Blood, 105,
4143-4145,

Poiesz, B.J., Ruscetti, F.W., Gazdar, AE., Bumn,
PA., Minna, D, & Gallo, R.C. (1980) Detec-
tion and isolation of type C retrovirus particles
from fresh and cultured lymphocytes of a
patient with cwtaneous T-cell lymphoma. Pro-
ceedings of the Nutional Academy of Sciences of
the United States of America, 77, 7415-7419.

Rende, F., Cavallari, 1., Corradin, A., Silic-Benussi,
M., Toulza, F., Toffolo, G.M., Tanaka, Y., Jacob-
son, S, Taylor, G.P., I'Agostine, D.M., Bang-
ham, C.R. & Ciminale, V. {2011) Kinetics and
intracellar  compartmentalization of HTLV-1
gene expression: nuclear retention of HBZ
mRNAs. Blood, 117, 4855-4859.

Takamori, A., Hasegawa, A., Utsinomiya, A., Mae-

da, Y., Yamano, Y., Masuda, M., Shimizu, Y.,
Tamai, Y., Sasada, A., Zeng, N., Choi, 1., Ulke,
N., Okamura, [, Watanabe, T., Masuda, T. &
Kannagi, M. (2011) Functional impairment of
Tax-specific but not  cytomegalovirus-specific
CD8+ T lymphocytes in a minor population of
asymptomatic human T-cell Jeukemia virus type
L-carriers. Retrovirology, 8, 100.

Takeda, S., Maeda, M., Morikawa, S., Taniguchi,

Y., Yasunaga, J., Nosaka, K., Tanaka, Y. & Mats-
uoka, M. (2004) Genetic and epigenetic inacti-
vation of tax gene in adult T-cell feukemia cells.
Tnternational Journal of Cancer, 189, 539-567.

Tanosakt, R., Uike, N, Utsunomiya, A., Saburi, Y.,

Masuda, M., Tomonaga, M., Eto, T., Hidaka,
M., Harada, M., Choi, I, Yamanaka, T., Kann-
agl, M., Matsuoka, M. & Qkamura, J. {2008}
Allogencic hematopoietic stem cell transplanta-
tion using reduced-intensity conditioning for
adult T cell levkemia/lymphoma: impact of an-
tithymocyte globulin on clinical outcome. Biol-
agy of Blood and Marrow Transplamation, 14,
702-708.

Thomas-Kaskel, A.K., Zeiser, R., fochim, R., Rob-
bel, C., Schultze-Seemann, W., Waller, C.F. &
Veelken, H. {2006) Vaccination of advanced
prostate cancer patients with PSCA and PSA
peptide-loaded  dendritic cells induces DTH
responses that correlate with superior overall
survival. Imternational Jowrnal of Cancer, 119,
2428-2434.

Tsukasaki, K., Hermine, Q., Bazarbachi, A., Ratner,

L., Ramos, J.C., Harrington, W. Jr, O'Mahony,
D., Janik, J.E. Bittencourt, A.L., Taylor, G.P.,
Yamaguchi, K., Utsunomiya, A., Tobinai, K. &
Watanabe, T. {2009) Definition, prognostic

11



Y. Suehiro et af

factors, treatment, and response criteria of adult
T-cell Jeukemia-lymphoma: a proposal from an
international consensus meeting, Jowrnal of Clin-
ical Oncology, 27, 453-459.

Tsukasaki, K., Tobinai, K., Hotta, T. & Shimoyama,
M. (2012) Lymphoma study group of JCOG. Jap-
anese Journal of Clintical Oncology, 42, 85-95.

Uchiyama, T.. Yodoi, [, Sagawa, K., Takatsuki, K.
& Uchino, H. (1977) Adult T-cell leukemia:
clinical and hematologic features of 16 cases.
Blood, 50, 481-492.

Ueda, Y., Ttoh, T., Nukaya, I, Kawashima, I, Ok-
ugawa, K., Yano, Y., Yamamoto, Y., Naitoh, K.,
Shimizw, K., Imura, K., Fuji, N., Fujiwara, H,
Ochiai, T\, Ttoi, H., Sonoyama, T., Hagiwara, A,

12

Takesako, K. & Yamagishi, H. {2004} Dendritic
cell-based immunotherapy of cancer with carci-
noembryonic HLA-A24-
restricted CTL epitope: clinical outcomes of 18
patients with metastatic gastrointestinal or lung
adenocarcinomas. [nternational Journal of Oucol-
agy, 24, 909--917.

Utsunomiya, A., Miyazaki, Y., Takatsuka, Y., Ha-
nada, S, Uozumi, K., Yashiki, S., Tara, M.,
Kawano, F., Saburi, Y., Kikuchi, H., Hara, M.,
Sao, H.,, Morishima, Y., Kodera, Y., Sonoda, S.
& Tomonaga, M. (2001) Improved outcome of
adult T cell Jeukemiaflymphoma with allogeneic
hematopoietic stem cell transplantation. Bone
Marrow Transplantation, 27, 15-20.

antigen-derived,

Wierecky, T, Muller, M.R,, Wirths, S, Halder-
Qehler, E., Dotfel, D., Schmidt, $.M., Hant-
schel, M., Brugger, W., Schroder, S., Horger,
M.S., Kanz, L. & Brossart, P. {2006) Immuno-
Jogic and clinical responses after vaccinations
with peptide-pulsed dendritic cells in meta-
static remal cancer patients. Carncer Research,
66, 5910-5918.

Wu, L., Adams, M., Carter, T., Chen, R., Muller,
G., Stirling, D., Schafer, P. & Bartler, 1.B.
{2008) lenalidomide enhances natuzal killer cell
and  monocyle-mediated  antibody-dependent
cellular cytotoxicity of rituximab-treated CD20+
tumor cells. Clinical Cancer  Research, 14,

4650-4657.

@ 2015 John Wiley & Sons Ltd, British Journal of Haematology



LETTER TO THE EDITOR

Leukemia (2015), 1-5
@ 2015 Macmillan Publishers Limited  All rights reserved 0887-6924/15

&

www.nature.com/leu

Involvement of double-stranded RNA-dependent protein
kinase and antisense viral RNA 1n the constitutive NF«xB
activation in adult T-cell leukemia/lymphoma cells

Leukemia advance online publication, 30 January 2015;
doi:10.1038/leu.2015.1

The constitutive activation of NFkB has an important role in the
leukemogenesis of adult T-cell leukemia/lymphoma (ATL) caused
by human T-cell leukemia virus type-1 (HTLV-1)." Although HTLV-1
Tax is known to activate NFkB, ATL cells exhibit NFkB activities
even in the absence of the Tax expression, the mechanism of
which has long been a puzzling question. The activation of the
non-canonical NFkB pathway associated with the upregulation of
NFkB-inducing kinase (NIK® and downregulation of miR31
targeting NIK* has been demonstrated in Tax-negative ATL cells.
However, it is unclear how HTLV-1 induces these changes.

We herein report that double-stranded RNA (dsRNA)-dependent
protein kinase {(PKR) is involved in the NFKkB activity in Tax-negative
ATL cells. PKR is a serine/threonine kinase that is activated by
dsRNA and mediates the translational regulation of viral replication,
as well as NFKB signaling via IkB kinase, NIK and so on.”

We also report that antisense HTLV-1 transcripts containing the
long terminal repeat (LTR) region are constitutively expressed in
ATL cells and involved in the NFkB activity. HTLV-1 LTR contains
Rex-responsive elements (RexRE) consisting of the R and part of
the U3 regions predicted to form multiple stem-loop structures.”®
An early report suggested that the T7 promoter-transcribed sense
RNA at the RexRE region potentially activates interferon (IFN)-
stimulated genes, such as 2/, 5', oligoadenylate synthetase and
PKR, in vitro.” However, the significance of the antisense RNA at
the LTR region in ATL cells has not been previously reported.

We previously found that IFN-a suppresses the HTLV-1 Tax
expression partly via PKR2 The involvement of PKR in the IFN-c-
mediated suppression of de novo HTLV-1 infection has also been
reported.? In our previous study, we noticed that PKR is
spontaneously upregulated in some HTLV-1-infected cell lines
and suppresses the viral expression to some extent.® Enhanced
expression of [FN-stimulated genes has also been reported in
primary ATL cells.' Suppression of the viral expression may favor
viral persistence to evade host immunity. In addition, PKR
mediates NFkB signaling. We therefore investigated whether
PKR is involved in NFxB activation in ATL cells.

We first found that a chemical PKR inhibitor {(an imidazolo-
oxindole derivative, C16) (Supplementary Methods) significantly
suppressed the NFKB reporter activity in ATL-derived ED40515(~)
and MT-1 cell lines lacking Tax expression (Figure 1a). The PKR
inhibitor also suppressed the expression of NIK and various NFkB-
responsive genes, including IkB-a and CD25 (Figures 1b and ¢ and
Supplementary Figure 1A), associated with decreases in the NFkB
protein levels (phospho-p100, p52 and pospho-p65) (Figure 1d),
indicating the involvement of PKR in NFkB activation in these cells.
The NFkB activity in an Epstein-Barr virus-transformed B-cell line
was not markedly affected by the PKR inhibitor {(Supplementary
Figure 1B). As PKR has previously been shown to inhibit HTLV-1
gene expression,® PKR thus appears to have a role in both the
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NFKB activity and a low viral expression, which are both
characteristics of ATL cells in vivo.

As PKR is known to be activated by dsRNA, we searched for
candidate RNAs derived from the HTLV-1 genome in ED40515(~)
and MT-1 cells using quantitative RT-PCR to differentially detect
sense and antisense HTLV-1 RNA (Supplementary Methods and
Supplementary Figure 2). In the ED40515(~) cells, sense RNA was
hardly detectable, whereas antisense RNA was detected with the
primer sets for the R, U5 and Gag, but not pX, regions (Figure 1e
and Supplementary Figure 2). The MT-1 cells expressed antisense
RNA in all regions tested, with smaller amounts of sense RNA. In
contrast, the HTLV-1 producer MT-2 cells possessed an over-
whelming amount of sense RNA.

In addition, we found similar antisense RNA in primary ATL cells
derived from four acute ATL patients (Figure 1f). Antisense RNA,
especially at the R region, was detected in all ATL cases tested, as
similarly observed in the ED40515(~) and MT-1 cells. The samples
from two patients also expressed antisense RNA containing the
Gag region. Sense RNA was detected sporadically. The mRNA of
HTLV-1 basic leucine zipper factor (HBZ), a known antisense
HTLV-1 product,'"'? was detected in all ATL-derived cell lines and
primary ATL samples tested.

The 5’ rapid amplification of ¢cDNA ends (5° RACE) method
revealed that the antisense transcripts containing the R region in
ED40515(~) cells initiated from the 3’ cellular flanking region
(Figure 2a). An analysis of the nucleotide sequence using the UVA
FASTA Server demonstrated that the 3’ cellular flanking sequence
is identical to a portion of the Homo sapiens 12 BAC RP11-946P6
complete sequence.

The RT-PCR analysis using a primer set specific for the 37 cellular
flanking region showed that the antisense RNA initiating from the
3’ cellular flanking region extended at least to the U3, but not pX,
region, suggesting that the antisense RNA contains most of the
LTR (Figure 2b). These results differed from those for HBZ mRNA,
which initiates from several points in the R and U5 regions of the
3’ LTR and does not include the U3 region in a spliced form."’

In the primary ATL cells, the 5" RACE analysis indicated that the
antisense transcripts were also transcribed from the 3’ cellular
flanking region and occasionally from the Gag region
(Supplementary Figures 3A-C). Interestingly, a previous report
indicated that HTLV-1 proviruses in persistently infected cells
in vivo are preferentially integrated into transcriptionally active
genomic regions,”” possibly as a result of in vivo selection.

We next assessed the effects of the antisense transcripts
containing the LTR region on the NFkB activity using the RNA
interference method in ED40515(~) cells. Although the siRNAs
targeting the antisense R region (si-R) reduced the antisense RNA
only partially via electroporation, even under selected conditions,
they significantly suppressed the NFkB reporter activity and
expression levels of NIK and some NFkB-responsive genes, as well
as NFkB proteins in both the canonical and noncanonical
pathways (Figures 2c-h and Supplementary Figures 4A-D}.

Interestingly, siRNAs targeting antisense U5 (si-U5) neighboering
the R region failed to reduce the antisense RNA detected by the
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Figure 1. Suppression of NFkxB activity by a PKR-inhibitor and the presence of antisense RNA at the HTLV-1 LTR in Tax-negative ATL cells.
(a) ED40515(—) (left) and MT-1 (right) cells containing reporter genes for NF«B and the thymidine kinase (TK) promoter were incubated with a
chemical PKR inhibitor (PKR-inh) or its negative control (control) {250 and 500 nm) for 24 (black) and 48 h (gray). The relative NFkB activity
standardized with the TK-promoter activity is indicated as the mean and s.d. of duplicate samples. *P < 0.05. (b) The expression levels of NIK
mRNA were evaluated by quantitative RT-PCR (RT-gqPCR) in the ED40515(~) cells treated with the control or PKR inhibitor (500 nm) for 24
{black) and 48 h (gray). The relative RNA expression standardized with the GAPDH mRNA copy number were indicated as the mean and s.d. of
duplicate samples. *P < 0.05. (¢} The surface CD25 expression levels were evaluated using flow cytometry in the ED40515(~) cells in the
presence of 500 nm of the control {gray} or 100 nm {(blue) or 500 nm (red) of the PKR inhibitor 72 h after incubation. (d) An immunoblotting
analysis for NIK, phosphorylated-p100, p100, p52, phosphorylated-p65, phosphorylated-PKR and f-actin proteins in the celf lysates of ED40515
(=) cells cultured in the presence of the control or PKR inhibitor (500 nm) for 72 h, with or without MG132-treatment for the last 3 h. (e) Total
RNA was extracted from ED40515(—), MT-1 and MT-2 cells, and the levels of the antisense RNA (blue) and sense RNA (red) were measured by
gPCR with primer sets at the indicated region of HTLV-1 genome, following RT with either forward or reverse pnmer alone, respectively, as
described in the Supplementary Methods and Supplementary Figure 2. The background amplification without RT primers (yellow) and the
amounts of HBZ mRNA (white) were also measured. The RT-qPCR results are standardized according to the 10® GAPDH mRNA copy number
and indicated as the mean and s.d. of duplicate samples. The samples without reverse transcriptase did not yield any measurable PCR
products. (f) The levels of antisense (blue) and sense (red) HTLV-1 RNAs, the background amplification without RT-primers (yellow) and the
amount of HBZ mRNA (white) in the primary ATL cells from four patients (#43-3, #80-1, #190-1, #202-1) were analyzed by RT-gPCR as described
above. For the clinical samples, the assay was performed on single aliquots owing to the scarcity of the sample amounts. Similar results were
obtained in at least two independent experiments.
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R-specific primers, whereas si-U5 successfully knocked down the
antisense RNA detected by the U5-specific primers {Figure 2¢). In
contrast, si-R knocked down the antisense transcripts detected by
all sets of R-, U5- and HBZ-specific primers used. The reason for this

© 2015 Macmillan Publishers Limited

observation is unclear, although this phenomenon might be
attributed to the effects of the multiple stem-loop structure
or partial truncation of the transcripts. The siRNA targeting the
U3 region (si-U3) partly suppressed the NFkB activity in the
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Figure 2. Antisense transcripts at the LTR region are critical for the NFxB activation and the stabilization of PKR in ED40515(-) cells. {a) The
initiating points of the antisense RNA in the ED40515(~) cells were analyzed using the 5 RACE PCR method, as described in the
Supplementary Methods. The locations of the RT and forward primers for the first and second PCR cycles are indicated (white arrows). The PCR
products were visualized following electrophoresis (lane 1: marker, lane 2: 1st PCR, lane 3: 2nd PCR}, and the nucleotide sequences of the
major product {black arrow) were determined. The nucleotide sequences starting from the second PCR primers (underlined) until the
initiation site of the antisense transcripts (a) are indicated. The blue characters represent the 3’ cellular flanking region. (b) The antisense RNAs
were detected in the total RNA of ED40515(~) cells by RT-PCR using the primer pairs specific for 3' cellular-flanking region (627-651 Fw and
ED40515(—) cellular Rev), following RT with forward primers at pX {pX2), U3 (LTR6-26), R (RexRE fw2) and U5 (577-601Fw) regions. PCR
products were visualized by ethidium bromide staining following electrophoresis on a 2% agarose gel. {¢) ED40515(~) cells were transfected
with si-Cont, siRNA targeting antisense U5 (si-U5) (mixture of si-LTR-628 and 733), or si-RNA targeting anti-sense R (si-R) {mixture of si-R409,
475, 500 and 571) regions, and the antisense transcripts were quantified via RT-gPCR using the primer sets for the R (black), U5 (white) and HBZ
(gray) regions 48 h after transfection. {d and e) The mRNA levels of NIK (d), ICAM~1 (black), VEGF (white) (&) in the RNA samples prepared in
¢ were quantified via RT-qPCR. The relative RNA expression standardized with the GAPDH mRNA copy number were indicated as the mean
and s.d. of duplicate samples. *P < 0.05. (f) The immunoblotting analysis for NIK, p100, phosphorylated-p100, p52, phosphorylated-p65, PKR
and P-actin proteins in the ED40515(~) cells transfected with si-Cont or si-R. The cell lysates were prepared after 48 h of incubation with or
without MG132 (10 pwm) for the last 3 h. (g and h) The total RNA was extracted from the ED40515(~) cells 48 h after transfection with si-Cont or
si-R (the same cell samples prepared in f), and the mRNA levels of PKR (g), CD25 (black} and IkB-a {white) (h) were analyzed using RT-gPCR.

Similar results were obtained in at least two independent experiments. *P < 0.05.

ED40515(~) cells (Supplementary Figure 4E), suggesting that the
U3 region is included in the antisense RNA responsible for the
NFkB activity.

It is of note that the PKR expression was markedly decreased by
si-R at the protein level only, not the RNA level (Figures 2f and g).
Furthermore, the PKR protein levels in the cells transfected with
si-R were restored by a proteasome inhibitor MG132 (Figure 2f),
implying that the antisense RNA contributed to the stabilization of
PKR proteins, presumably by acting as dsRNA. A previous report
showed that the stability of PKR is markedly enhanced following
autophosphorylation mediated by the dimerization of PKR
induced in the binding of dsRNA.™

Although HBZ mRNA partly overlaps with the antisense R
region,’’ the siRNA targeting HBZ (si-HBZ) did not affect the
expression of the antisense transcripts at the R region or the
mRNA of NIK, VEGF, ICAM1 and IxB-a (Supplementary Figures 4F-H),
consistent with the previous finding that HBZ does not activate
NFkB."® The si-HBZ, however, exceptionally suppressed the CD25
expression, suggesting the contribution of HBZ to the (D25
expression via NFkB-independent mechanisms.

In the present study, using Tax-negative ATL-derived cells we
demonstrated (i) the suppression of the NFkB activity by a PKR
inhibitor, (i) the presence of antisense RNA including the LTR
region of HTLV-1, (i) the suppression of the NFkB activity by
siRNA targeting the antisense U3 and R regions and (iv) the
destabilization of PKR proteins by the knockdown of the antisense
transcripts. These results strongly suggest that the antisense RNA
of the LTR region is involved in the constitutive activation of NFkB
in ATL cells, at least via the activation of PKR. This phenomenon
partly explains the long unsolved question, namely how and
which viral components, other than Tax, constitutively activate
NFkB in ATL cells. The antisense transcripts at the LTR region
might also contribute to the persistence of HTLV-1 in vivo.
However, the effect of PKR inhibition observed in the present
study was partial, thus suggesting the presence of additional
pathways. The possible involvement of other pattern recognition
molecules was not excluded. Our results indicate the existence of
a link between HTLV-1 leukemogenesis and the host antiviral
responses, which provides new insight into the disease mechan-
isms and therapeutic strategies for ATL.
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HTLV-1induces a Thi-like state in CD4*CCR4" T cells
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Human T-lymphotropic virus type 1 (HTLV-1) is linked to multiple diseases, including the neurcinflammatory disease
HTLV-1-associated myelopathy/tropical spastic paraparesis {HAM/TSP) and adult T cell leukemia/lymphoma. Evidence
suggests that HTLV-1, via the viral protein Tax, exploits CD4* T cell plasticity and induces transcriptional changes in infected
T cells that cause suppressive CD4'CD25'CCR4* Tregs to lose expression of the transcription factor FOXP3 and produce
IFN-y, thus promotihg inflammation. We hypothesized that transformation of HTLV-1-infected CCR4* T cells into Thi-like
cells plays a key role in the pathogenesis of HAM/TSP. Here, using patient cells and cell lines, we demonstrated that Tax, in
cooperation with specificity protein 1(Sp1), boosts expression of the Th1 master regulator T box transcription factor (T-bet)
and consequently promotes production of IFN-y. Evélﬂatidn of CSF and spihal cord lesions of HAM/TSP patients revealed
the presénce of abundant CD4*CCR4" T cells that coexpressed the Th1 marker CXCR3 and produced T-bet and IFN-y. Finaliy,
treatment of isolated PBMCs and CNS cells from HAM/TSP patients with an antibody that targets CCR4" T cells and induces
cytotoxitity in these cells,redaced both viral load and {FN-y production, which suggests that targeting CCR4" T cells may be a

viable treatment option for HAM/TSP.

[ntroduction
The flexibility of the CD4* T cell differentiation program that un-
derlies the success of the adaptive immune response has recently
been implicated in the pathogeneses of numerous inflammatory
diseases (1-3). The majority of CD4" T lymphocytes belong to a
class of cells known as Th cells, so called because they provide
help on the metaphorical immune battlefield by stimulating the
other soldiers —namely, B cells and cytotoxic T lymphocytes —via
secretion of various cytokines. Interestingly, there is also a minor-
ity group of CD4" T cells with quite the opposite function: Tregs
actively block immune responses by suppressing the activities
of CD4* Th cells as well as many other leukocytes (4). Tregs are
credited with maintaining immune tolerance and preventing in-
flammatory diseases that could otherwise occur as a result of unin-
hibited immune reactions (5). Thus, the up- or downregulation of
certain CD4* T cell lineages could disrupt the carefully balanced
immune system, threatening bodily homeostasis.

The plasticity of CD4* T cells, particularly Tregs, makes CD4*
T cell lineages less clean-cut than they may originally appear. CD4*
T cells are subdivided according to various lineage-specific chemo-
kine receptors and transcription factors they express, as well as the
cytokines they produce (6). Thl cells, for example, can be identi-
fied by expression of CXC motif receptor 3 (CXCR3) and T box
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Reference information: [ Clin Invest. 2014;124(8):3431-3442, doi:10.1172/C175250.

transcription factor (T-bet; encoded by TBX21) and are known to
secrete the proinflammatory cytokine IFN-y (6). While both have
been known to express CC chemokine receptor 4 (CCR4) and
CD25, Th2 cells and Tregs can usually be distinguished from each
other by their expression of GATA-binding protein 3 (GATA3)
and forkhead box p3 (FOXP3), respectively (6, 7). CCR4 is coex-
pressed in the majority of CD4'FOXP3" cells and in virtually all
CD4*CD25*FOXP3" cells, making it a useful — albeit not fully spe-
cific — marker for Tregs (8, 9). FOXP3 is a particularly noteworthy
marker because its expression is said to be required for Treg iden-
tity and function (10). In fact, Foxp3 point mutations are reported to
cause fatal multiorgan autoimmune diseases (11). Even partial loss
of FOXP3 expression can disrupt the suppressive nature of Tregs,
representing one of several pathways by which even fully differ-
entiated Tregs can reprogram into inflammatory cells (12). There
have been several reports of Tregs reprogramming in response to
proinflammatory cytokines such as IL-1, IL-6, IL-12, and IFN-y (12,
13); it is thought that this reprogramming may have evolved as an
adaptive mechanism for dampening immune suppression when
protective inflammation is necessary (12). However, this same plas-
ticity can lead to pathologically chronic inflammation, and several
autoimmune diseases have been associated with reduced FOXP3
expression and/or Treg function, including multiple sclerosis, my-
asthenia gravis, and type 1 diabetes (14, 15).

Of the roughly 10-20 million people worldwide infected
with human T-lymphotropic virus type I (HTLV-1), up to 2%-3%
are affected by the neurodegenerative chronic inflammatory dis-
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Figure 1. HTLV-1 mainly infects Tregs and inhibits their regulatory function. (A) Higher HTLV-]
proviral DNA load in CD4*FOXP3* cells (Tregs) compared with CD4*GATA3" cells (P = 0.0020,
Wilcoxon test) from asymptomatic carriers (AC; n = 6) and HAM/TSP patients (n = 4). PBMCs were
FACS sorted, and proviral load was measured using quantitative PCR. Horizontal bars represent
the mean value for each set. (B) Loss of regulatory function in Tax-expressing CD4*CD25°CCR4”
cells (Tregs). CD4*CD25" T cells from an HD were stimulated with CD2, €03, and CD28 antibodies
and cultured alone or in the presence of equal numbers of CD4:CD25*CCR4* T cells, GFP lentivirus-
infected HD CD4°CD25°CCR4* T cells, or GFP-Tax lentivirus-infected HD CD4*CD25°CCR4" T cells. As
a control, CD4*CD25" T cells alone were cultured without any stimulus, Proliferation of T cells was
determined using *H-thymidine incorporation by adding *H-thymidine for 16 hours after 4 days

of culture. All tests were performed in triplicate. Data are mean + SO, **P < 0.01, ***P < 0.001,

ANOGVA followed by Tukey test for multiple comparisons.

ease HTLV-1-associated myelopathy/tropical spastic paraparesis
(HAM/TSP). The main other condition associated with the retrovi-
rus is adult T cell leukemia/lymphoma (ATLL), a rare and aggres-
sive cancer of the T cells. HAM/TSP represents a useful starting
point from which to investigate the origins of chronic inflamma-
tion, because the primary cause of the disease — viral infection —
is so unusually well defined. HAM/TSP patients share many im-
munological characteristics with FOXP3 mutant mice, including
multiorgan lymphocytic infiltrates, overproduction of inflamma-
tory cytokines, and spontaneous lymphoproliferation of cultured
CD4" T cells (16-18). We and others have proposed that HTLV-1
preferentially infects CD4*CD25*CCR4* T cells, a group that in-
cludes Tregs (7, 19). Samples of CD4"CD25*CCR4" T cells isolated
from HAM/TSP patients exhibited low FOXP3 expression as well
as reduced production of suppressive cytokines and low overall
suppressive ability — in fact, these CD4*CD25'CCR4'FOXP3-
T cells were shown to produce IFN-y and express Ki67, a marker
of cell proliferation (19). The frequency of these IFN-y-produc-
ing CD4'CD25'CCR4* T cells in HAM/TSP patients was corre-
lated with disease severity (19). Finally, evidence suggests that the
HTLV-1 protein product Tax may play a role in this alleged trans-
formation of Tregs into proinflammatory cells in HAM/TSP pa-
tients: transfecting Tax into CD4*CD25" cells from healthy donors
(HDs) reduced FOXP3 mRNA expression, and Tax expression in
CD4'CD25'CCR4" cells was higher in HAM/TSP versus ATLL
patients despite similar proviral loads (19, 20). Therefore, we hy-
pothesized that HTLV-1 causes chronic inflammation by infecting
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plified TBX21 transcription and subsequently
IFN-y production. Next, we established the
presence of Thi-like CD4*CCR4" T cells in
the CSF and spinal cord lesions of HAM/TSP
patients. The majority of these CD4*CCR4"
T cells coexpressed CXCR3 as well as T-bet
and IFN-y. Finally, we investigated the thera-
peutic potential of an anti-CCR4 monoclonal
antibody with antibody-dependent cellular cy-
totoxicity (ADCC) (21). Applying this antibody
in vitro diminished the proliferative capacity
of cultured PBMCs and reduced both proviral
DNA load and IFN-y production in cultured
CSF cells as well as PBMCs. In conclusion, we
were able to elucidate a more detailed mechanism for the patho-
genesis of HAM/TSP and use our findings to suggest a possible
therapeutic strategy.

Results

HTLV-L preferentially infects Tregs and alters their behavior via
Tax. Experiments were conducted to determine which among
CD4'CD25'CCR4" T cells were infected by HTLV-1, and how the
infection influenced their functionality. Analysis of fluorescence-
activated cell sorting (FACS)-sorted PBMCs obtained from asymp-
tomatic carriers (= 6) as well as HAM/TSP patients (1 = 4) revealed
that Tregs (CD4'FOXP3*) carried much higher proviral loads than
Th2 cells (CD4"GATA3*) (P = 0.0020; Figure 1A). As it is well estab-
lished that each infected cell contains only 1 copy of the HTLV-1 provi-
rus (22, 23), these results indicate that a larger proportion of FOXP3"
than GATA3" CD4" T cells are infected. As expected, proliferation of
CD4*CD25" cells after stimulation, as measured by *H-thymidine in-
corporation, was suppressed upon coculture with CD4'CD25*CCR4*
cells, including Tregs (2 = 3, P < 0.01; Figure 1B). However, after
being transduced with lentiviral vector expressing GFP-Tax, the
CD4*CD25'CCR4" cells no longer suppressed cell proliferation; con-
versely, cells transduced with the control vector expressing only GFP
retained full suppressive function (P < 0.001; Figure 1B).

The HTLV-1 protein product Tax induces IFN-y production via
T-bet. Experiments were conducted to determine if and how Tax af-
fects IFN-y production in infected T cells. First, the existence of a
functional link between Tux and IFNG was established by using the



