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Fig A1. T-cell subset analysis. Numbers of CD4+CD25+Foxp3+ (regulatory T) cells are presented. Blood samples collected at times indicated in the protocol were
analyzed. Blood samples were taken (1) just before the first mogamulizumab infusion, (Il) just before the second infusion, (1) just before the fifth infusion, (IV) 1 week
after the eighth infusion, and (V) 4 months after the eighth infusion. The number of samples used for analysis at each point is indicated below the graph. CTCL,
cutaneous T-cell ymphoma; PTCL, peripheral T-cell lymphoma.

© 2014 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at Nagoya City Univ on April 20, 2014 from 202.35.208.7
Copyright © 2014 American Society of Clinical Oncology. All rights reserved.



The Journal of Immunology

HTLV-1 bZIP Factor-Specific CD4 T Cell Responses in Adult
T Cell Leukemia/Lymphoma Patients after Allogeneic
Hematopoietic Stem Cell Transplantation

Tomoko Narita,* Takashi Ishida,* Ayako Masaki,* Susumu Suzuki,*' Asahi Ito,*
Fumiko Mori,* Tomiko Yamada,* Masaki Ri,* Shigeru Kusumoto,* Hirokazu Komatsu,*
Yasuhiko Miyazaki,” Yoshifusa Takatsuka,® Atae Utsunomiya,® Akio Niimi,*

Shinsuke Iida,* and Ryuzo Ueda’

We document human T lymphotropic virus type 1 (HTLV-1) bZIP factor (HBZ)-specific CD4 T cell responses in an adult T cell
leukemia/lymphoma (ATL) patient after allogeneic hematopoietic stem cell transplantation (HCT) and identified a novel HLA-
DRB1#¥15:01-restricted HBZ-derived naturally presented minimum epitope sequence, RRRAEKKAADVA (HBZ114-125). This
peptide was also presented on HLA-DRB1%15:02, recognized by CD4 T cells. Notably, HBZ-specific CD4 T cell responses were
only observed in ATL patients after allogeneic HCT (4 of 9 patients) and not in nontransplanted ATL patients (0 of 10 patients) or
in asymptomatic HTLV-1 carriers (0 of 10 carriers). In addition, in one acute-type patient, HBZ-specific CD4 T cell responses
were absent in complete remission before HCT, but they became detectable after allogeneic HCT. We surmise that HTLV-1
transmission from mothers to infants through breast milk in early life induces tolerance to HBZ and results in insufficient HBZ-
specific T cell responses in HTLV-1 asymptomatic carriers or ATL patients. In contrast, after allogeneic HCT, the reconstituted
immune system from donor-derived cells can recognize virus protein HBZ as foreign, and HBZ-specific immune responses are

provoked that contribute to the graft-versus-HTLV-1 effect.

matologic malignancy caused by human T lymphotropic

virus type 1 (HTLV-1) (1, 2). ATL is resistant to con-
ventional chemotherapeutic agents, and only limited treatment op-
tions are available (3). Although early efforts using myeloablative
chemoradiotherapy together with autologous hematopoietic stem
cell rescue for ATL were associated with a high incidence of re-
lapse and fatal toxicities (4), allogeneic hematopoietic stem cell
transplantation (HCT) has been explored as a promising alterna-
tive treatment, achieving long-term remission in a proportion of
patients with ATL (5, 6). The potential benefit of allogeneic HCT

ﬁ dult T cell leukemia/lymphoma (ATL) is a distinct he-
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for ATL patients is considered to be due to the high immunoge-
nicity of HTLV-1~infected cells (7-12), which was associated
with the existence of posttransplant graft-versus-HTLV-1 and/or
graft-versus-ATL effects (13, 14).

HTLV-1 was the first retrovirus to be directly associated with
a human malignancy (15, 16), and ~20 million people worldwide
are estimated to be infected with this virus (17). Among the HTLV-
1 regulatory and accessory genes, Tax transforms rodent cells
and immortalizes human primary T cells (18-20). In addition,
Tax-transgenic mice develop spontaneous tumors (21-24). Another
HTLV-1 component gene, HBZ, promotes the proliferation of ATL
cells (25). Transgenic mice expressing HTLV-1 bZIP factor (HBZ)
in their CD4 T cells share many symptoms and immunological
features with HTLV-1-infected humans (26). Thus, both 7ax and
HBZ are thought to play critical roles in ATL oncogenesis, but there
is a marked contrast between them in their expression profiles in
primary ATL cells: HBZ expression is constitutive whereas Tax
expression is frequently suppressed or minimal in ATL cells (25, 27,
28). Because immune responses against Tax were reported to be
strong (7, 8), impaired Tax expression is thought to lead to a sur-
vival advantage for HTLV-1-infected cells in the host (2). These
observations raise a simple question as to why the expression of
Tax, but not HBZ, is impaired, despite both being HTLV-1-derived
Ags seen by the human immune system as foreign. In other words,
why is it that only HBZ, but not Tax, is constitutively expressed in
ATL cells, although it was reported that HBZ is an immunogenic
protein recognized by HBZ-specific CTL clones (29, 30). Although
several studies (29-31) have been performed to determine the im-
munogenicity of HBZ, the precise immunological significance of
HBZ in HTLV-1-infected individuals has not been fully established.
Therefore, the aim of the current study was to clarify the clinical
role of HBZ-specific immune responses in HTLV-1-infected indi-
viduals.
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Materials and Methods

Primary human cells

Blood samples were obtained from healthy volunteers, HTLV-1 asymp-
tomatic carriers (ACs), and ATL patients. Mononuclear cells were iso-
lated with Ficoll-Paque (Pharmacia, Peapack, NJ). Genotyping of HLA-DR,
HLA-DQ, and HLA-DP was performed using an WAKFlow HLA-typing
kit (WAKUNAGA Pharmacy, Hiroshima, Japan). Diagnosis and classifi-
cation of clinical subtypes of ATL were according to the criteria proposed
by the Japan Lymphoma Study Group (32). All donors provided informed
written consent before sampling, according to the Declaration of Helsinki,
and the current study was approved by the institutional ethics committees
of Nagoya City University Graduate School of Medical Sciences.

Cell lines

ATN-1, MT-1, TL-Om1, and ATL.102 are ATL cell lines; MT-2, MT-4, and
TL-Su are HTLV-1-immortalized lines; and K562 is a chronic myeloge-
nous leukemia blast crisis cell line (8, 33). Genotyping of HLA-DR, HLA-
DQ, and HAL-DP was performed using a WAKFlow HLA-typing kit.

Expansion of HBZ-specific T cells

PBMCs from ATL patients or HTLV-1 ACs were suspended in RPMI 1640
(Cell Science and Technology Institute, Sendai, Japan) supplemented with
10% human serum and 10 pM synthetic HBZ-derived peptides at a cell
concentration of 2 X 10%ml. The peptides were purchased from Invi-
trogen (Carlsbad, CA). The cell suspension (2 X 10° cells) was cultured
at 37°C in 5% CO, for 2 d, and an equal volume of RPMI 1640 sup-
plemented with 100 IU/ml IL-2 was added. After subsequent culture for
5 d, an equal volume of ALyS505N (Cell Science and Technology In-
stitute) supplemented with 100 IU/ml IL-2 was added, and the cells were
cultured with appropriate medium (ALyS505N with 100 IU/ml IL-2) for an
additional 7 d.

Abs and flow cytometry

PerCP-conjugated anti-CD8 mAb (SK1; eBioscience, San Diego, CA) and
PE-conjugated anti-CD4 mAb [SFCI12T4D11 (T4); Beckman Coulter,
Fullerton, CA] were used. For assessing HLLA class II expression, PE-
conjugated anti-HLA-DR (G46-6; BD Biosciences, San Jose, CA), anti~
HLA-DQ (HLA-DQI; BioLegend, San Diego, CA), or appropriate isotype-
control mAbs were used. For intracellular IFN-y and TNF-a staining, the
expanded cells were cocultured with or without target cells or synthetic
peptides at 37°C in 5% CO, for 3 h, after which brefeldin A (BD Bio-
sciences) was added at 2 pg/ml. The cells were then incubated for an
additional 2 h. Subsequently, they were fixed in 10% formaldehyde and
stained with FITC-conjugated anti-IFN-vy (45.15; Beckman Coulter) or
allophycocyanin-conjugated anti-TNF-a (MAb11; eBioscience) mAbs with
0.25% saponin for 60 min at room temperature. To determine HLA re-
striction, HLA-blocking experiments were conducted. The expanded cells
were preincubated with 20 pg/ml anti-HLA-DR (L.243; BioLegend), 20
wg/ml anti-HLA-DQ (1SPVL3; Beckman Coulter), or appropriate isotype
control mAbs (20 pg/ml) at 37°C in 5% CO, for 1 h, after which they were
stimulated with the peptide or the cell lines (ATN-1 and K562). Cells were
analyzed on a FACSCalibur (BD Biosciences) with the aid of FlowJo
software (Tree Star, Ashland, OR).

Quantitative RT-PCR

Total RNA was isolated with RNeasy Mini Kits (QIAGEN, Tokyo, Japan).
Reverse transcription from the RNA to first-strand cDNA was carried out
using High Capacity RNA-to-cDNA Kits (Applied Biosystems, Foster City,
CA). HBZ and B-actin mRNA were amplified using TagMan Gene Ex-
pression Assays with the aid of an Applied Biosystems StepOnePlus. The
primer set for HBZ was as follows: sense, 5'-TCGACCTGAGCTTTA-
AACTTACCTAGA-3' and antisense, 5'-GACACAGGCAAGCATCGAA-
A-3'. All values given are means of triplicate determinations.

Results
T cell responses against synthetic peptides overlapping by 10
aa and covering the entire sequence of the spliced HBZ protein

Because it was reported that HTLV-1 Tax-specific T cells were
induced in some ATL patients after allogeneic HCT (10, 11), we
initially tried to expand HBZ-specific T cells using PBMCs from
an ATL patient who received allogeneic HCT with reduced-
intensity conditioning and has been in complete remission (CR)
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for >3 y (patient #1 after HCT). PBMCs were stimulated with
a mixture of 1 16-mer and 19 20-mer synthetic peptides over-
lapping by 10 aa and covering the entire sequence of the spliced
HBZ protein (peptides number 1-20, Fig. 1), at a concentration of
10 pM each. The expanded cells were analyzed by forward scatter
height and side scatter height levels, and the lymphocyte pop-
ulation was determined and plotted to show CD4 and CDS8 posi-
tivity (Fig. 2A, left panels). The expanded CD8 T cells responded
weakly to stimulation with these 20 overlapping peptides relative
to controls without peptide stimulation, as assessed by IFN-y pro-
duction (Fig. 2A, upper middle panels) but not TNF-o (Fig. 2A,
lower middle panels). In contrast, the expanded CD4 T cells re-
sponded to stimulation by the 20 overlapping peptides by pro-
ducing both IFN-y (Fig. 2A, upper right panels) and TNF-a
(Fig. 2A, lower right panels). Because the response of the stim-
ulated and expanded CD4 T cells was stronger than the CDS re-
sponse, we focused on the CD4 T cell response against HBZ in
patient #1 after HCT.

PBMC:s from this patient (#1 after HCT) were stimulated with
a mixture of five overlapping peptides consisting of peptides 1-4,
5-8, 9-12, 13-16, and 17-20 (Fig. 1). The expanded CD4 T cells
responded to the peptide mixture 9-12 better than to control (no
peptides). They produced both IFN-vy (Fig. 2B, upper panels) and
TNF-a (Fig. 2B, lower panels). The expanded CD4 T cells
responded very weakly to the peptide mixtures 13-16 and 17—
20 by producing TNF-a but not IFN-y. No responses were ob-
served against the peptide mixtures 1-4 or 5-8 (Fig. 2B). These
data indicate that the epitope of HBZ recognized by CD4 T cells
from the patient was present in peptides 9-12, within HBZ aa
residues 81-130 (Fig. 1).

Next, PBMCs from the same patient were stimulated with four
synthetic peptides: 9, 10, 11, and 12. The expanded CD4 T cells
responded to peptide 12 by producing both IFN-vy (Fig. 2C, up-
per panels) and TNF-a (Fig. 2C, lower panels). The cells did not
respond significantly to the other peptides (9, 10, or 11). These
results narrow down the specific epitope of HBZ recognized by
the CD4 T cells from the patient to a sequence within peptide
12: HBZ aa 111-130 (Fig. 1).

Determination of the minimum epitope sequence of HBZ
recognized by CD4 T cells

Seven synthetic peptides (12-1, 12-2, 12-3, 12-4, 12-5, 12-6, 12-7)
representing parts of peptide 12 were prepared (Fig. 3A). Re-
sponses of the CD4 T cells, which had been stimulated by peptide
12, to these different peptides were tested. The expanded CD4
T cells responded better to peptides 12, 12-1, 12-2, 12-3, and 12-4

HBZ-splicing isoform

206

peptide
number
1 HBZ 1-20
2 HBZ 11-30
3 HBZ 21-4
4 HBZ 31-50
5 HBZ 41-
6 HBZ 51-70
7 HBZ 61-80
8 HBZ 71-90
9 HBZ 81-100
10  HBZ 91-110 SR
11  HBZ 101-120 ]
12 HBZ 111-130 SRR
13 HBZ 121-140 EEEE
14 HBZ 131-150 [
15  HBZ 141-160 e
16  HBZ 151-170 e
17  HBZ 161-180 =
18  HBZ 171-190 R
19  HBZ 181-200 R
20  HBZ 191-206 e

FIGURE 1. Synthetic peptides derived from spliced HBZ. Schematic
of 19 20-mer and 1 16-mer synthetic peptides overlapping by 10 aa and
covering the entire sequence of the spliced HBZ protein.
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FIGURE 2. T cell responses against synthetic
peptides overlapping by 10 aa and covering the en-
tire sequence of the spliced HBZ protein. (A)
PBMC:s from patient #1 after HCT were expanded by
stimulating with a mixture of 19 20-mer and 1 16-
mer synthetic peptides overlapping by 10 aa and
covering the entire sequence of the spliced HBZ B
protein. The responses of expanded CD8 and CD4
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T cells to each of the overlapping peptides were
evaluated by the production of IFN~y or TNF-a.. The
percentage of responding cells in the upper gate
(CD8* or CD4" and IFN-vy* or TNF-a* cells) relative
to the cells in the lower gate (CD8" or CD4" and
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IFN-y~ or TNF-a~ cells) is indicated in each flow

cytometry panel. (B) PBMCs from patient #1 after
HCT were expanded by stimulating with five over-
lapping peptide mixtures consisting of peptides 1-4,
5-8, 9-12, 13-16, and 17-20. (C) PBMCs from pa-
tient #1 after HCT were expanded by stimulating
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with four synthetic peptides: 9, 10, 11, and 12. The
responses of expanded CD4 T cells to each synthetic
peptide were evaluated by the production of IFN-y

O

or TNF-a. The percentage of responding cells in the
upper gate relative to the cells in the lower gate is
indicated in each flow cytometry panel. Each result
is representative of three independent experiments.
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by producing both IFN-y and TNF-a. These cells did not respond
to peptides 12-5, 12-6, or 12-7 (Fig. 3B). These data indicate that
the N terminus of the minimum epitope sequence of HBZ rec-
ognized by the CD4 T cells from the patient is arginine, located at
HBZ114 (Fig. 3A). Because the expanded CD4 T cells responded
to peptide 12-4, the C terminus of the minimum epitope sequence
of HBZ must be inside of alanine, located at HBZ125.

Next, three synthetic peptides (12-4-1, 12-4-2, 12-4-3; sequences
were HBZ114-124, HBZ114-123, and HBZ114-122, respec-
tively) were prepared to determine the C terminus of the minimum
epitope sequence of HBZ (Fig. 3C). The expanded CD4 T cells
responded to peptides 12-1 and 12-4 (positive controls) but not to
12-4-1, 12-4-2, 12-4-3, or a negative control peptide 12-7 (Fig.
3D). These data demonstrate that the minimum epitope sequence
of HBZ recognized by the CD4 T cells from the patient was
RRRAEKKAADVA (HBZ114-125).

Determination of the HLA allele on which the identified
HBZ-derived peptides are presented to CD4 T cells

We investigated whether HBZ-specific CD4 T cells also recognized
naturally processed and presented peptides. Thus, we initially
determined HBZ expression by ATL or HTLV-1-immortalized cell
lines and found that it was expressed by all of the lines tested
(ATN-1, MT-1, MT-2, MT-4, TL-Su, TL-Om1, ATL102), regardless

of their 7ax mRNA expression (Fig. 4A, below the graph). HBZ
expression levels of these established lines were almost as high as
those of PBMCs containing >50% ATL cells obtained from 12
patients with the acute or chronic type of disease. K562 did not
express HBZ, as might be expected, and all primary ATL cells tested
were HBZ', consistent with an earlier study (Fig. 4A) (25). Next, we
assessed the expression of HLA class II by the cell lines. The ATL or
HTLV-1-immortalized cell lines tested were all positive for both
HLA-DR and HLLA-DQ (Fig. 4B). These observations indicate that
AIN-1, MT-1, MT-2, MT-4, TL-Su, TL-Om]1, and ATL102 had the
potential to present the HBZ-derived peptides on their HLA-DR or
HLA-DQ molecules.

Next, we examined the responses of HBZ-specific CD4 T cells
from patient #1 after HCT against K562 or HBZ-expressing lines
of different HLA types. The responses of HBZ-specific CD4
T cells to the lines were evaluated without the addition of peptide.
The CD4 T cells that had been expanded from patient #1 after
HCT using peptide 12 responded to peptide 12-1 (positive control)
but not to K562, which expressed no HBZ (negative control) (Fig.
4C, upper six panels). When tested against ATL or HTLV-1-im-
mortalized cell lines, the CD4 T cells responded strongly to ATN-
1 and TL-Su (Fig. 4C, lower panels). Comparing the HLA class II
types of the donor of the effector CD4 T cells (patient #1 after
HCT) with ATN-1 and TL-Su showed that HLA-DRB1*15:01 and
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L synthetic peptide

FIGURE 3. Determination of the 12 (HBZ 111-130) EKKAADVARRKQE 20 mer
minimum epitope sequence of HBZ 12-1 EKKAADVARRXCE 17 mer
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HLA-DQB1*06:02 were shared by all three (Table I). In addition,
the CD4 T cells responded to MT-2, TL-Oml, and ATL102 to
a lesser degree (Fig. 4C, lower panels); these three lines were
found to share HLA-DRB1*15:02 and HLA-DQB1*06:01 (Table
I). Together, these results indicate that the HBZ-specific CD4
T cell responses from patient #1 after HCT were restricted by
HLA-DRB1*15:01 or HLA-DQB1#06:02, as well as by HLA-
DRB1#15:02 or HLA-DQB1#06:01. In contrast, the peptide-
sensitized CD4 T cells did not respond to MT-1 or MT-4 (Fig.
4C, lower panels), consistent with the present observations that the
epitope of HBZ recognized by such CD4 T cells was restricted
by HLA-DRB1*15:01/HLA-DQB1*06:02 and HLA-DRB1*15:02/
HLA-DQB1%06:01.

Next, we tested whether HLA-DR or HLA-DQ restricted the
presentation of the HBZ-derived peptide. CD4 T cells expanded by
peptide 12 no longer responded to specific stimulation by peptide 12
in the presence of anti-HLA-DR-blocking mAb by producing IFN-y
(Fig. 5A, upper left panels), but it did respond in the presence of
the isotype-control mAb (Fig. SA, upper right panels). These CD4
T cells also still responded to peptide 12 in the presence of anti—
HLA-DQ-blocking mAb (Fig. SA, lower left panels) and its isotype
control (Fig. 5A, lower right panels). In addition, in the presence of
anti-HLA-DR-blocking mAb, CD4 T cells expanded by peptide 12
no longer responded to ATN-1 (Fig. 5B, left panels), which carried
HLA-DRB1*15:01/HLA-DQB1#06:02 (Table I) and expressed HBZ

" mRNA (Fig. 4A). However, they did respond by producing IFN-y

and TNF-a in the presence of the isotype control (Fig. 5B, left
panels). These CD4 T cells also still responded to ATN-1 in the
presence of anti-HLA-DQ-blocking mAb and its isotype control
(Fig. 5B, right panels). Furthermore, HBZ-specific CD4 T cell
responses to K562 (negative control) were not affected by anti—
HLA-DR, anti-HLA-DQ, or their isotype mAbs (Fig. 5C). These
observations from Ab-blocking experiments, together with the
results shown in Fig. 4, indicate that the epitope sequence of HBZ
recognized by the CD4 T cells from patient #1 after HCT were
restricted by HLA-DR, specifically HLA-DRB1%15:01 and HLA-
DRB1*15:02.

Clinical significance of the specific CD4 T cell response
against HBZ

The data presented thus far pertained to CD4 T cells obtained from
only one patient (patient #1 after HCT). Therefore, we used HBZ
peptide 12 to stimulate and expand 28 PBMC samples obtained
from 27 other HTLV-1-infected individuals who carried HLA-
DRB1*15:01 or HLA-DRB1*15:02. PBMCs were obtained from
10 HTLV-1 ACs, 10 ATL patients who had not undergone allo-
geneic HCT, and 8§ ATL patients after allogeneic HCT. Among
them, PBMCs from one individual (patient #2) were tested at
different disease stages (i.e., CRs before and after allogeneic
HCT). HBZ-specific CD4 T cell responses were absent in all 10

#107 ‘07 11dy uo Aisioatun) A1) eAoSeN 1e /310 Jounurum | mmar//:diy Wwoly poapeoumo(]



944 HBZ-SPECIFIC CD4 T CELLS IN ATL AFTER ALLOGENEIC-HCT

A 1.2
§ 1.0
§ 08 —
g
g 0.6 —
)
ﬁ 0.4 —
T
FIGURE 4. Responses of HBZ-specific CD4 T cells 0.2 ~
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CD4 T cells were cocultured or not with the synthetic C peptide () peptide(12-1) K562
peptide 12-1. Negative controls without peptide stim- 4 * 505" b Xiri
ulation (upper left panels) and positive controls with - : D ~ N Do
peptide stimulation (upper middle panels) are shown. Z R . SE
The expanded CD4 T cells were cocultured with target | - :

cell lines in the absence of peptide stimulation. CD4

T cells did not respond to K562, which expressed no

HBZ and acted as the negative control (upper right
panels). The CD4 T cell responses to ATL or HTLV-1-
immortalized cell lines, which expressed HBZ, with
different HLA types were evaluated (lower panels).

— TNfa -»
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The percentage of responding cells in the upper gate
relative to the cells in the lower gate is indicated in

each flow cytometry panel. Each result is representa-
tive of three independent experiments.
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HTLV-1 ACs, as well as in all 10 nontransplanted ATL patients (of
whom 9 were in CR after systemic chemotherapy and the other
was of smoldering type under observation only). In contrast,
specific CD4 T cell responses to HBZ were observed in three of

Table I. HLA information
HLA-DRB1 HLA-DQB1 HLA-DPB1
ATN-1 *04:05 *15:01 *04:01 *06:02 *05:01 *05:01
MT-1 *04:01 *09:01 *03:01 *03:03 *04:02 *05:01
MT-2 *#04:04 *15:02 *03:02 *06:01 *05:01 *09:01
MT-4 *01:01 *16:02 *05:01 *05:02 *05:01 *05:01
TL-Su *09:01 *15:01 *03:03 *06:02 *02:01 *17:01
TL-Om1 *15:02 *15:02 *06:01 *06:01 *09:01 *09:01
ATL102 *04:04 *15:02 *03:02 *06:01 *05:01 *09:01
Patient #1 *04:05 *15:01 *04:01 *06:02 *02:01 *06:01
after HCT

— 41

the eight additional ATL patients who were in CR after allogeneic
HCT (patients #2, #3, and #4). The CD4 T cells from patient #2
and #4 after HCT responded to HBZ peptide 12 by producing both
IFN-y and TNF-a (Fig. 6, right panels). In patient #3, no TNF-«
response was observed, but there was a clear IFN-y response to
HBZ peptide 12 (Fig. 6, lower left panels). Thus, specific CD4
T cell responses against HBZ were observed in four of nine
recipients after allogeneic HCT (44%) but in no other ATL
patients. Among the patients examined in this study, one patient
with acute-type ATL received systemic chemotherapy and ach-
ieved CR. Subsequently, she received allogeneic HCT from an
HLA-A, B, DR-matched HTLV-1 noninfected sibling donor and
maintained CR (patient #2 after HCT). Although HBZ-specific
CD4 T cell responses were not present at CR before allogeneic
HCT in this patient (Fig. 6, upper left panels), they developed after
transplantation (Fig. 6, upper right panels).
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FIGURE 5. Determination of the HLA alleles re-
stricting the presentation of HBZ-derived peptides to
HBZ-specific CD4 T cells. (A) Responses of HBZ-
specific CD4 T cells were evaluated, with or without
HBZ peptide 12, in the presence of anti~HLA-DR~

blocking mAb (upper left panels), anti-HLA-DQ-
blocking mAb (lower left panels), or the corresponding
isotype-control mAb (anti-HLA-DR isotype mAb, up-
per right panels; anti-HLA-DQ isotype mAb, lower
right panels). Responses of HBZ-specific CD4 T cells
to ATN-1, which carries HLA-DRB1%15:01/HLA-
DQB1*06:02 and expresses HBZ mRNA (B), and to
K562 (negative control) (C) were also evaluated in the
presence of HLA-blocking mAbs or their isotype con-
trols, without peptide stimulation. The percentage of
-responding cells in the upper gate relative to the cells
in the lower gate is indicated in each flow cytometry
panel. Each result is representative of three independent
experiments.

Discussion

In the current study, we demonstrated the presence of HBZ-specific
CD4 T cells in an ATL patient after allogeneic HCT and determined
the minimum sequence of a novel HLA-DRB1*#15:01-restricted
HBZ-derived epitope to be RRRAEKKAADVA (HBZ114-125).
HBZ peptides including the sequence HBZ114-125 were also
presented on HLA-DRB1#15:02 and recognized by CD4 T cells.
To the best of our knowledge, this is the first report to identify
naturally processed and presented HLA-DR-restricted epitopes

derived from HBZ on the surface of ATL cells. In an earlier study,
an HBZ peptide—specific CTL line was established from an HLA-
A*02:01% individual, using peptides derived from the HBZ se-
quence. The peptides were selected by computer algorithms avail-
able at the Biolnformatics and Molecular Analysis Section
Web site (http://www-bimas.cit.nih.gov/molbio/hla_bind/) and
the SYFPEITHI Web site (http://www.syfpeithi.de/) for strong
binding affinity to the HLA-A*02:01 molecule. However, the estab-
lished CTL line recognized the corresponding peptide-pulsed
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FIGURE 6. HBZ-specific CD4 T cell responses in
additional ATL patients. PBMCs from additional ATL
patients (#2, #3, and #4) carrying HLA-DRB1*15:02
were expanded by stimulation with HBZ peptide 12.
The responses of expanded CD4 T cells to peptide 12

— TNF8 i

— TNFa w——p
5,

were evaluated by the production of IFN-y or TNF-c.
Although no HBZ-specific CD4 T cell response was
observed in patient #2 in CR before allogeneic HCT
(upper left panels), they developed after transplanta-
tion (upper right panels). HBZ-specific CD4 T cell

responses were also observed in patient #3 (lower left Patient #3 after HCT Patient #4 after HCT
panels) and patient #4 (lower right panels) in CR after peptide12 (1) ) peptide 12 () +)
allogeneic HCT. The percentage of responding cells in " 0.00 " 016 '

the upper gate relative to the cells in the lower gate is o -

indicated in each flow cytometry panel. The HLA type

't
-
L2

of each patient is indicated below the flow cytometry
panels. Each result is representative of three indepen-
dent experiments. n.t., Not tested.
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!
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HLA-A*#02:01" cells but not ATL cells (29). Therefore, it was not
determined whether HBZ-derived peptides could be naturally
presented on cells from HTLV-1-infected people. Another earlier
study (30) demonstrated that HBZ expression was a critical de-
terminant of viral persistence in the chronic phase of HTLV-1
infection. That novel study was performed using experimentally
validated epitope-prediction software (34), but it did not deter-
mine the HBZ-derived epitope sequence or the corresponding
HLA allele presenting it.

In the current study, no HLA-DRB1*#15:01-restricted or HLA-
DRB1#15:02-restricted HBZ-specific CD4 T cell response was
observed in any ATL patients who had not undergone allogeneic
HCT or in any HTLV-1 ACs. We surmise that HTLV-1 transmis-
sion from mothers to infants through breast milk in early life
induces tolerance to HBZ, but not to Tax, by unknown mecha-
nisms, resulting in insufficient HBZ-specific T cell responses in
HTLV-1-infected individuals. This would be consistent with the
persistent expression of HBZ in HTLV-1-infected cells (2, 25). In
addition, insufficient HBZ-specific T cell responses may be due,
in part, to the fact that the majority of the HBZ mRNA is retained
in the nucleus, which may inhibit its translation (35), and prob-
ably leads to a low level of HBZ protein expression in HTLV-1—
infected cells (29). In contrast, the finding that HLA-DRB1*15:01—
restricted or HLA-DRB1*15:02—restricted HBZ-specific CD4 T cell

responses were detected in ATL patients after allogeneic HCT
requires explanation. Our hypothesis is that, after allogeneic HCT,
the reconstituted immune system from donor-derived hematopoi-
etic stem cells can recognize virus protein HBZ as foreign, al-
though its expression is low, and HBZ-specific immune responses
are provoked because of the lack of tolerance induction under
these circumstances. In one patient with acute-type disease, HBZ-
specific CD4 T cell responses were not observed in PBMCs at the
time of CR before HCT, but they became detectable after alloge-
neic HCT. This observation supports our hypothesis. An earlier
study (36) reported that HBZ-specific T cell responses were de-
tected in some patients with HTLV-1-associated myelopathy (HAM).
Unlike ATL, HAM can occur in individuals infected with HTLV-1
by any route of transmission, such as sexual intercourse (37).
Therefore, some patients with HAM, infected with HTLV-1 after
reaching adulthood (i.e., who became infected after their immune
system had fully matured), may recognize virus protein HBZ as
foreign, and HBZ-specific immune responses may be provoked.
From this point of view, detection of HBZ-specific T cell re-
sponses might be expected in some HTLV-1 ACs, infected after
becoming adults, but we did not see this in the present study.

In conclusion, we report the presence of HBZ-specific CD4
T cell responses in ATL patients who were in CR but only after
allogeneic HCT. These responses potentially contribute to the
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graft-versus-HTLV-1 effect. Novel strategies that enhance the
posttransplantation allogeneic anti-HTLV-1 effect targeting HBZ,
which never provokes graft-versus-host disease, could lead to
improved outcomes of allogeneic HCT for ATL.
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Autologous Tax-Specific CTL Therapy in a Primary Adult
T Cell Leukemia/Lymphoma Cell-Bearing NOD/Shi-scid,
IL-2Ry™" Mouse Model

Ayako Masaki,* Takashi Ishida,* Susumu Suzuki,*" Asahi Ito,* Fumiko Mori,*
Fumihiko Sato,** Tomoko Narita,* Tomiko Yamada,* Masaki Ri,* Shigeru Kusumoto,*
Hirokazu Komatsu,* Yuetsu Tanaka,® Akio Niimi,* Hiroshi Inagaki,” Shinsuke Iida,* and
Ryuzo Ueda®

We expanded human T-lymphotropic virus type 1 Tax-specific CTL in vitro from PBMC of three individual aduit T cell leukemia/
lymphoma (ATL) patients and assessed their therapeutic potential in an in vivo model using NOG mice bearing primary ATL cells
from the respective three patients (ATL/NOG). In these mice established with cells from a chronic-type patient, treatment by i.p.
injection of autologous Tax-CTL resulted in greater infiltration of CD8-positive T cells into each ATL lesion. This was associated
with a significant decrease of ATL cell infiltration into blood, spleen, and liver. Tax-CTL treatment also significantly decreased
human soluble IL-2R concentrations in the sera. In another group of ATL/NOG mice, Tax-CTL treatment led to a significant pro-
longation of survival time. These findings show that Tax-CTL can infiltrate the tumor site, recognize, and kill autologous ATL cells in
mice in vivo. In ATL/NOG mice with cells from an acute-type patient, whose postchemotherapeutic remission continued for >18 mo,
antitumor efficacy of adoptive Tax-CTL therapy was also observed. However, in ATL/NOG mice from a different acute-type
patient, whose ATL relapsed after 6 mo of remission, no efficacy was observed. Thus, although the therapeutic effects were
different for different ATL patients, to the best of our knowledge, this is the first report that adoptive therapy with Ag-specific
CTL expanded from a cancer patient confers antitumor effects, leading to significant survival benefit for autologous primary
cancer cell-bearing mice in vivo. The present study contributes to research on adoptive CTL therapy, which should be applicable

to several types of cancer. The Journal of Immunology, 2013, 191: 135-144.

matologic malignancy caused by human T-lymphotropic

virus type 1 (HTLV-1) (1-4). ATL patients have a very
poor prognosis for which no standard treatment strategy is avail-
able (5, 6). Over the last decade, allogeneic hematopoietic stem
cell transplantation has evolved into a potential approach to treat
ATL patients. However, only a small fraction of patients can
benefit from transplantation, such as those who are younger, have
achieved sufficient disease control, and have an appropriate stem

ﬁ dult T cell leukemia/lymphoma (ATL) is a distinct he-
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cell source (7, 8). Therefore, the development of alternative treat-
ment strategies for ATL patients is an urgent issue.

HTLV-1 Tax, a virus-encoded regulatory gene product, is re-
quired for the virus to transform cells (9) and is thought to be
indispensable for oncogenesis. Therefore, Tax has been consid-
ered as a molecular target for immunotherapy against ATL (10-
14). However, it was reported that the level of Tax expression
in HTLV-1-infected cells decreases during disease progression,
and Tax transcripts are detected only in ~40% of established ATL
cases (15). Moreover, weak or absent responses to Tax were ob-
served in ATL patients (16), leading to controversy as to whether
Tax is an appropriate target for immunotherapy of ATL. In this
context, we have recently reported the potential relevance of Tax
as a target for ATL immunotherapy. Tax-specific CTL recognized
HLA/Tax—peptide complexes on autologous ATL cells and killed
them, even when their Tax expression was so low that it could
only be detected by RT-PCR but not at the protein level in vitro
(17). However, in general, tumors develop in a complex and dy-
namic microenvironment in humans (18-20). Therefore, antitumor
activities of cancer-specific CTL should be evaluated under con-
ditions including the cancer microenvironment. In addition, sus-
ceptibility to CTL is different in established cell lines and primary
tumor cells isolated directly ex vivo from patients, especially
autologous tumor cells, with the latter certainly being most rele-
vant for evaluating antitumor effects of CTL. Based on these
considerations, we expanded Tax-specific CTL in vitro from
PBMC of ATL patients and tested in this study the potential
significance of Tax as a target for ATL immunotherapy in an
in vivo model consisting of NOD/Shi-scid, IL-2Ry™! (NOG)
mice (21) bearing the autologous primary ATL cells (ATL/NOG).
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Materials and Methods

Primary human cells

Primary ATL cells were obtained from three individual patients of which
patient 1 had chronic-type and patients 2 and 3 were acute. Diagnosis and
classification of clinical subtypes of ATL was according to the criteria
proposed by the Japan Lymphoma Study Group (22). Mononuclear cells
were isolated from blood or lymph node cells with Ficoll-Paque (Phar-
macia, NJ). Primary ATL cells were separated using anti-human CD4
microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany) by means of
an autoMACS Pro (Miltenyi Biotec). Genotyping of HLA-A, -B, and -C was
performed using an HLA-typing Kit (WAKFlow HLA-typing kit; Wakunaga
Pharmacy, Hiroshima, Japan). The disease activity of patient 1 was stable;
this patient had been carefully observed under a wait-and-see policy for ~4 y
prior to sampling. Both patients 2 and 3 received systemic chemotherapies
and achieved complete remissions. Patient 2 remained in remission for >18
mo, but in patient 3, ATL relapsed after only 6 mo in remission. Thus, patient
3 subsequently again received systemic chemotherapy for his relapsed ATL.
In patients 2 and 3, primary ATL cells were obtained at first diagnosis, and
PBMC for CTL expansion were obtained in remission. They were cry-
opreserved until use. All donors provided informed written consent before
sampling according to the Declaration of Helsinki, and the current study was
approved by the institutional ethics committees of Nagoya City University
Graduate School of Medical Sciences.

Cell lines

ATN-1, MT-1, and TL-Om1 are ATL cell lines, TL-Su, TCL-Kan, and MT-4
are HTLV-1-immortalized lines, and K562 is a chronic myelogenous
leukemia blast crisis cell line, as previously described (17).

Expansion of HTLV-1 Tax-specific CTL

PBMC from the ATL patients were suspended in RPMI 1640 (Cell Science
and Technology Institute, Sendai, Japan) supplemented with 10% human
serum and 0.1 pM Tax epitope peptide (LLFGYPVYYV or SFHSLHLLF;
Invitrogen, Carlsbad, CA) at a cell concentration of 2.0 X 10%ml. The
cells were cultured at 37°C in 5% CO, for 2 d, and then an equal volume of
RPMI 1640 supplemented with 100 IU/ml IL-2 was added. After subse-
quent culture for 5 d, an equal volume of ALyS505N (Cell Science and
Technology Institute) supplemented with 100 IU/ml IL-2 was added, and
the cells were cultured with appropriate medium (ALyS505N with 100 IU/
ml IL-2) for 7 d.

Abs, tetramers, and flow cytometry

PE-conjugated HLA-A*02:01/Tax11-19 (LLFGYPVYV) and HLA-A*24:02/
Tax301-309 (SFHSLHLLF) tetramers and PE-Cy5-conjugated anti-CD8
mADb (clone, SFCI21Thy2D3) were purchased from MBL (Nagoya, Japan).
PE-Cy5-conjugated anti-CD4 mAb (13B8.2) was purchased from Beckman
Coulter (Luton, U.K.). Allophycocyanin-conjugated anti-human CD45 mAb
(2D1), PE-conjugated anti-CD25 mAb (M-A251), PerCP-conjugated anti-
CD4 mAb (SK3), and MultiTEST CD3 FITC/CD8 PE/CD45 PerCP/CD4
APC Reagent were purchased from BD Biosciences (San Jose, CA). For
assessing Tax expression, cells were fixed with 10% formaldehyde and then
stained with FITC-conjugated anti-Tax mAb Lt-4 (23) or isotype control Ab
(A112-3; BD Biosciences), with 0.25% saponin (Sigma-Aldrich, Tokyo, Ja-
pan) for 60 min at room temperature. For intracellular IFN-y staining, the
expanded cells including Tax-CTL were cocultured with target cells at 37°C
in 5% CO, for 2 h after which brefeldin A (BD Biosciences) was added at
2 pg/ml. The cells were then incubated for a further 2 h. Subsequently, they
were fixed in 10% formaldehyde and then stained with FITC-conjugated
anti-IFN-y mAb (45.15; MBL) with 0.25% saponin for 60 min at room
temperature. Cells were analyzed on a FACSCalibur (BD Biosciences)
with the aid of FlowJo software (Tree Star, Ashland, OR).

Quantitative RT-PCR

Total RNA was isolated with RNeasy Mini Kits (Qiagen, Tokyo, Japan).
Reverse transcription from the RNA to first-strand cDNA was carried out
using High Capacity RNA-to-cDNA Kits (Applied Biosystems, Foster City,
CA). Tax and B-actin mRNA were amplified using TagMan Gene Ex-
pression Assays with the aid of an Applied Biosystems StepOnePlus. The
primer set for Tax was as follows: sense, 5'-AAGACCACCAACACCA-
TGGC-3’, and antisense, 5'-CCAAACACGTAGACTGGGTATCC -3'. All
values given are means of triplicate determinations.

Animals

NOG mice were purchased from the Central Institute for Experimental
Animals and used at 6-8 wk of age. All of the in vivo experiments were
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performed in accordance with the United Kingdom Coordinating Com-
mittee on Cancer Research Guidelines for the Welfare of Animals in Ex-
perimental Neoplasia, Second Edition, and were approved by the Ethics
Committee of the Center for Experimental Animal Science, Nagoya City
University Graduate School of Medical Sciences.

ATL tumor-bearing mouse model, therapeutic setting

CD4-positive primary ATL cells were separated from PBMC of patient 1
and suspended at 1 X 107 cells per 0.2 ml RPMI 1640, which were i.p.
inoculated into each of 20 NOG mice. The inoculated ATL cells consisted
of pooled cells from several blood samplings. The primary ATL-bearing
mice were divided into two groups of 10 each. One group was used for
evaluation of ATL cell organ infiltration and to measure levels of human
soluble IL-2R (sIL-2R) in sera using the human sIL-2R immunoassay kit
(R&D Systems, Minneapolis, MN) 27 d after tumor inoculation. The other
group was used for evaluation of survival. Each group was further divided
into two groups of five each for autologous Tax-CTL or control (0.2 ml
RPMI 1640) injections. Autologous Tax-CTL suspended in 0.2 ml RPMI
1640 were i.p. injected 2 (mononuclear cells, 4.59 X 10%/mouse; CD8-
positive and HLA-A*24:02/Tax 301-309 tetramer-positive cells, 7.89 X
10°/mouse), 7 (3.57 X 10% 9.71 X 10°), 12 (3.26 X 10% 5.49 X 10°), 20
(3.12 X 10% 5.48 X 10%), and 23 d (2.51 X 10% 4.22 X 10°) after ATL cell
inoculations. Control RPMI 1640 was i.p. injected in the same manner.

PBMC of patient 2, consisting of ~80% of CD4*CD25* ATL cells, were
suspended in 0.2 ml of RPMI 1640 and i.p. inoculated into each of six NOG
mice. The primary ATL-bearing mice were divided into two groups of three
each for autologous Tax-CTL or control injections. Autologous Tax-CTL
suspended in 0.2 ml RPMI 1640 were i.p. injected 2 (mononuclear cells,
7.50 X 10%mouse; CD8-positive and HLA-A*24:02/Tax 301-309 tetramer-
positive cells, 18.1 X 10%/mouse), 7 (6.75 X 10% 22.3 X 10°), 14 (5.95 X 105,
20.7 X 10%), 21 (5.70 % 10%22.3 X 10%), and 23 d (6.04 X 10 21.3 X 10°)
after ATL cell inoculations. Control RPMI 1640 was i.p. injected in the same
manner. The infiltration of ATL cells into the organs, and the levels of human
sIL-2R in the sera 31 d after tumor inoculation were determined.

Lymph node cells of patient 3, consisting of ~90% CD4*CD25% ATL
cells, were i.p. inoculated into each of six NOG mice in the same manner
as for patient 2. Autologous Tax-CTL suspended in 0.2 ml RPMI 1640
were i.p. injected 2 (mononuclear cells, 10.3 X 10%mouse; CD8-positive
and HLLA-A*24:02/Tax 301-309 tetramer-positive cells, 2.08 X 105/mouse),
7 (573 X 10% 7.53 X 10°), and 29 d (18.8 X 10% 16.1 X 10°) after tumor
cell inoculations. Control RPMI 1640 was i.p. injected in the same manner.
The infiltration of ATL cells into the organs and the levels of human sIL-2R
in the sera 33 d after tumor inoculation were determined.

Immunopathological analysis

H&E staining and immunostaining by anti-CD4 (4B12; Novocastra, Wetzlar,
Germany), CD25 (4C9; Novocastra), and CD8 (C8/144B; DakoCytomation,
Glostrup, Denmark) was performed on formalin-fixed, paraffin-embedded
sections, using a Bond-Max autostainer (Leica Microsystems, Wetzlar,
Germany) with the Bond polymer refine detection kit (Leica Microsystems).

Statistical analysis

The differences between groups regarding the percentage of ATL cells in
mouse whole blood cells, liver, and spleen cell suspensions and human sIL-
2R concentrations in the serum were examined with the Mann—-Whitney U
test. Survival analysis was done by the Kaplan-Meier method, and survival
curves were compared using the log-rank test. All analyses were per-
formed with SPSS Statistics 17.0 (SPSS, Chicago, IL). In this study, p =
0.05 was considered significant.

Results

Tax expression in ATL cells from patients

The inoculated primary ATL cells from all three patients were pos-
itive for CD4 and CD25 (Fig. 1A, left panel, Fig. 1C, 1D, top left
panels). Tax proteins were weakly detected in a subpopulation of
ATL cells from all patients by flow cytometry (Fig. 1A, right two
panels, and Fig. 1C, 1D, top right two panels). The Tax/human
B-actin mRNA levels of the ATL cells from patients 1, 2, and 3,
were 0.192 = 0.005 (SD), 0.492 *+ 0.054, and 0.080 %= 0.009, re-
spectively, when the value of TL-Su was set at unity as previously
described (17) (Fig. 2D). Although the short time of in vitro culture
changes the expression levels of Tax in primary ATL cells (17, 24),
the result presented in this study was obtained at the same time as

$107 ‘0z 1ady uo As1oatun K10 eAoSeN Je /S1o jountuwurf mma//:dY WO} papeoTumoq



The Journal of Immunology

FIGURE 1. Inoculated primary ATL cells and

>
— D25 —>

adoptively transferred Tax-specific CTL. (A) The
inoculated primary ATL cells from patient 1 were
positive for CD4 and CD25 (left panel). Tax protein

LN |

4 & & & s

was weakly detected in a subpopulation of ATL

o

cells (middle and right panels). (B) Autologous

@)

adoptively transferred Tax-CTL from patient 1 at
days 2, 7, 12, 20, and 23, respectively, are presented.
The lymphocyte population is determined by FSC-H
and SSC-H levels (left panels) and plotted to show

2 Day?7

8 8 8 i

A& A & 4

- D25 —>

CD8 and HLA-A*24:02/Tax tetramer positivity

~— isotype => | — isotype —>

s
-
a.“:e.'l
]
-

PR aaeapey

(right panel). (C) The inoculated primary ATL cells
from patient 2 were positive for CD4 and CD25 (top
left panel). Tax protein was weakly detected in a
subpopulation of ATL cells (top right two panels).
Autologous adoptively transferred Tax-CTL from
patient 2 are presented. Lymphocyte population is
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determined by FSC-H and SSC-H levels (bottom left D
panel) and plotted to show CD8 and HLA-A*02:01/
Tax tetramer positivity (bottom right panel). (D) The
inoculated primary ATL cells from patient 3 were
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positive for CD4 and CD25 (top left panel). Tax

protein was weakly detected in a subpopulation
of ATL cells (top right two panels). Autologous
adoptively transferred Tax-CTL from patient 3 are
presented. Lymphocyte population is determined by
FSC-H and SSC-H levels (bottom left panel) and
plotted to show CD8 and HLA-A*24:02/Tax tetra-
mer positivity (bottom right panel).

the in vitro experiments were performed, showing Tax-specific CTL
responses against autologous ATL cells (Fig. 2A-C).

Adoptively transferred autologous Tax-specific CTL

Flow cytometric analyses of the expanded and adoptively transferred
Tax-CTL of patient 1 at days 2, 7, 12, 20, and 23 are presented. The
lymphocyte population was identified by forward light scatter-height
(FSC-H) and side scatter-height (SSC-H) values (Fig. 1B, left panels)
and is plotted to show CD8 and HLA-A*24:02/Tax tetramer-
positivity (Fig. 1B, right panel). Adoptively transferred Tax-CTL
from patients 2 and 3 are also shown in Fig. 1C and 1D, bottom
panels, respectively.

Tax-specific CTL responses against autologous ATL cells
in vitro

The adoptively transferred Tax-CTL from patient 1 were cocul-
tured with autologous ATL cells, ATL cell lines, HTLV-1-immor-
talized lines, or K562, and their responses were evaluated by
IFN-y production in vitro (Fig. 2A, 2D). HLA-A*24:02/Tax301-
309 tetramer-positive fractions of these expanded CD8-positive
cells produced IFN-y when cocultured with autologous ATL
cells, TL-Su, or ATN-1. These tetramer-positive cells did not re-
spond to MT-1, MT-4, or TCL-Kan. These results indicate that
only target cells having both HLA-A*24:02 and Tax were rec-
ognized. The tetramer-negative fractions of these expanded CD8-
positive cells also produced IFN-y when stimulated with autolo-
gous ATL cells. This suggests that they recognize unidentified
Tax-derived epitopes, Ags derived from HTLV-1 components
other than Tax, or ATL-related tumor Ags not of viral origin such
as cancer testis Ags (25). The tetramer-negative fractions of these
expanded CDS8-positive cells also produced IFN-y when stimu-
lated with TCL-Kan. Because both patient 1 and TCL-Kan share
HLA-A*02:07, -B*46:01, and -C*01:02, the tetramer-negative
cells might be recognizing unidentified Tax-derived epitopes,
other HTLV-1 Ags or ATL tumor Ag—derived epitopes presented
on a different shared MHC allele. These effector cells did not
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respond to K562 by IFN-vy production, showing that they had no
NK activity.

The adoptively transferred Tax-CTL from patient 2 were tested
next. HLA-A*02:01/Tax11-19 tetramer-positive fractions of these
expanded CD8-positive cells specifically produced IFN-y when
stimulated with 0.1 uM of the corresponding peptide. These cells
also respond to target cells including autologous ATL cells in
a manner restricted by Tax expression and the appropriate HLA
type as did patient 1 (Fig. 2B, 2D).

The adoptively transferred Tax-CTL from patient 3 were also
tested. Although HLA-A*24:02/Tax301-309 tetramer-positive
fractions of these expanded CD8-positive cells responded to TL-
Su and the corresponding peptide by producing IFN-y, they did
not respond to autologous ATL cells or ATN-1, the Tax expression
of which was relatively low (Fig. 2C, 2D).

Macroscopic findings in ATL/NOG mice with cells from patient
1 treated or not treated with adoptive autologous Tax-CTL

Ten primary ATL cell-bearing mice were evaluated for the efficacy
of treatment by adoptive transfer of autologous Tax-CTL. The ap-
pearance of the mice treated with Tax-CTL and of the controls is
shown in Fig. 3, top andbottom panels, respectively. In general,
spleens were much more enlarged in the control mice than in the
CTL-treated mice.

Flow cytometric analyses of infiltrating ATL cells in organs of
ATL/NOG mice with cells from patient 1

The percentage of CD4-positive ATL cells in whole blood of control
NOG mouse 1 was 0.57% (i.e., 0.57% [human CD45-positive pop-
ulation] X 100.0% [human CD4-positive CD8-negative cells] =
0.57%). In control NOG mice 2, 3, 4, and 5 and in Tax-CTL~treated
NOG mice 1, 2, 3, 4, and 5, the percentages of ATL cells in whole
blood, calculated in the same manner, were 1.57,2.53, 0.18, and 0.94%
and 0.22, 0.17, 0.01, 0.59, and 0.02%, respectively (Fig. 4A). Thus,
Tax-CTL treatment significantly reduced the percentage of ATL cells
present in the blood of these mice (p = 0.047; Fig. 5A, left panel).
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FIGURE 2. Tax-specific CTL responses against autologous ATL cells in vitro. (A) The adoptively transferred Tax-CTL from patient 1 were cocultured with
autologous ATL cells, ATL cell lines, HTLV-1-immortalized lines, or K562 (all CD8 negative) for 4 h. CD8-positive cells are plotted according to HLA-A*24:02/
Tax301-309 tetramer-positivity and IFN-y production, and the percentages in each quadrant are presented in the panels. (B) The adoptively transferred Tax-CTL from
patient 2 were cocultured with autologous ATL cells, K562, TCL-Kan, or TL-Om1 for 4 h. Tax-CTL were also cultured with or without 0.1 uM cognate peptide
(LLEGYPVYYV) for 4 h. CD8-positive cells are plotted according to HLA-A*(02:01/Tax11-19 tetramer positivity and IFN-y production, and the percentages in each
quadrant are presented in the panels. (C) The adoptively transferred Tax-CTL from patient 3 were cocultured with autologous ATL cells, K562, TL-Su, or ATN-1 for
4 h. Tax-CTL were also cultured with or without 0.1 LM cognate peptide (SFHSLHLLF) for 4 h. CD8-positive cells are plotted according to HLA-A*24:02/Tax301—
309 tetramer positivity and IFN-y production, and the percentages in each quadrant are presented in the panels. (D) HLA-A, -B, and -C typing of patients 1, 2, and 3.
Cell line HLA-A, -B, and -C typing was from our previous study (17). The Tax/human B-actin mRNA level of ATL cells from patients 1, 2, and 3, presented as mean
value * SD of triplicate experiments when the value of TL-Su was set as unity. The Tax/human B-actin mRNA level of each cell line was from our previous study (17).

The percentages of CD8-positive CD4-negative T cells in the whole
blood of Tax-CTL-treated NOG mice 1, 2, 3, 4, and 5 were 0.10,
0.55, 0.00, 0.55, and 0.03%, respectively (Fig. 4A, bottom panels).

The percentage of CD4-positive ATL cells in spleen cell sus-
pensions of control NOG mouse 1 was 0.43% (i.e., 0.46% [human
CD45-positive population] X 94.35% [human CD4-positive CD8-
negative cells] = 0.43%). In control NOG mice 2, 3, 4, and 5 and
in Tax-CTL-treated NOG mice 1, 2, 3, 4, and 5, the percentages
of ATL cells in the spleen cell suspensions, calculated in the same
manner, were 3.24, 1.83, 1.97, and 5.32% and 0.24, 0.09, 0.02,
0.11, and 2.98%, respectively (Fig. 4B). Thus, Tax-CTL treatment
significantly decreased the percentage of ATL cells present in the
spleen cell suspensions of these mice as well as in the blood
(p = 0.047; Fig. 5A, middle panel). Again, the percentages of
CDS8-positive CD4-negative T cells in the spleen cell suspensions
of Tax-CTL~treated NOG mice 1, 2, 3, 4, and 5 were 0.10, 0.29, 0.02,
0.07, and 2.26%, respectively (Fig. 4B, bottom panels).

The percentages of CD4-positive ATL cells in liver cell sus-
pensions were also quantified. In control NOG mouse 1, this

value was 0.25% (i.e., 0.26% [human CD45-positive population]
X 94.62% [human CD4-positive CD8-negative cells] = 0.25%).
In control NOG mice 2, 3, 4, and 5 and in Tax-CTL-treated
NOG mice 1, 2, 3, 4, and 5, the percentages of ATL cells in the
liver cell suspensions, calculated in the same manner, were 0.50,
0.64, 0.42, and 2.00% and 0.10, 0.05, 0.02, 0.02, and 0.18%,
respectively (Fig. 4C). Thus, Tax-CTL treatment also signifi-
cantly reduced the percentage of ATL cells present in the livers
of these mice (p = 0.009; Fig. 5A, right panel). The percentages
of CD8-positive CD4-negative T cells in the liver cell suspen-
sions of Tax-CTL-treated NOG mice 1, 2, 3, 4, and 5 were
0.01, 0.16, 0.02, 0.01, and 0.12%, respectively (Fig. 4C, bottom
panels).

Microscopy findings in spleens of ATL/NOG mice receiving
cells from patient 1 with or without adoptive autologous
Tax-CTL therapy

In the control NOG mice, large atypical cells with irregular and
pleomorphic nuclei proliferated with a multifocal pattern and
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FIGURE 3. Macroscopic findings in ATL/NOG mice
with cells from patient 1 with or without adoptive au-
tologous Tax-CTL therapy. The appearance of mice
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treated with Tax-CTL and of the controls is shown in
the bottom and top panels, respectively. Spleens were
much more enlarged in the control mice compared with
CTL-treated mice.

replaced normal splenic architecture. Immunopathological analy-
ses of control mouse 4 are shown in Fig. 4D (three left panels). The
atypical cells were positive for CD4 and CD25 (data not shown),
but negative for CD8, consistent with their identity as infiltrating
ATL cells. In the Tax-CTL~treated NOG mice, atypical cells
proliferated with a patchy pattern. Immunopathological analyses
of Tax-CTL-treated NOG mouse 5 are shown in Fig. 4D (right
three panels). The atypical cells were positive for CD4 and CD25
(data not shown), but negative for CD8, again consistent with ATL
cell infiltration. ATL tumor-infiltrating CD8-positive cells were
also present, consistent with the flow cytometric analyses showing
the presence of CTL (Fig. 4B).

Tax-CTL treatment significantly decreases human sIL-2R
concentrations in serum of NOG mice bearing primary ATL
cells from patient 1

We measured human sIL2R concentrations in serum as a reliable
surrogate marker reflecting ATL tumor burden (26) in the mice.
The serum sIL-2R concentrations in control NOG mice 1, 2, 3, 4
and 5 and Tax-CTL~treated NOG mice 1, 2, 3, 4, and 5, were
28,087, 36,924, 34,611, 36,906, and 42,955 and 0, 0, 0, 0, and
1.061 pg/ml, respectively. Thus, Tax-CTL treatment significantly
decreased the ATL tumor burden present in these mice (p = 0.007;
Fig. 5B).

Tux-CTL treatment results in a significant prolongation of
survival of primary patient 1 ATL cell-bearing NOG mice

Tax-CTL recipients had a significant benefit in terms of prolon-
gation of survival compared with controls (Fig. 6A; p = 0.002). In
order to estimate the ATL cell tumor burden during CTL treat-
ment in both groups, flow cytometry analyses of whole blood cells
were performed. Thirty-one days after ATL cell inoculation, the per-
centage of CD4-positive CD8-negative ATL cells in the blood
of control NOG mouse 1 was 2.48% (i.e., 2.49% [human CD45-
positive population] X 99.60% [human CD4-positive and CD8-
negative cells] = 2.48%). In control NOG mice 2, 3, 4, and 5 and
in Tax-CTL~treated NOG mice 1, 2, 3, 4, and 5, the percentages of

CTL treated mice

ATL cells in whole blood, calculated in the same manner, were
0.62, 0.56, 0.77, and 1.22% and 0.20, 1.59, 0.11, 0.04, and 0.05%,
respectively. At this time, the percentages of CD8-positive CD4-
negative T cells in the whole blood of Tax-CTL~treated NOG mice
1, 2, 3, 4, and 5 were 0.32, 1.09, 0.15, 0.19, and 0.07%, respec-
tively (Fig. 6B, top panels).

In the same animals, 38 d after ATL cell inoculation, the
percentages of CD4-positive ATL cells in the whole blood of
control NOG mice 1, 2, 3, and 4 and in Tax-CTL-treated NOG
mice 1, 2, 3, 4, and 5 were 1.59, 5.83, 1.79, and 0.88% and 0.08,
2.88, 0.06, 0.00 and 0.04%, respectively. Control NOG mouse 5
sickened and died on day 34 due to ATL progression. At this
time, the percentages of CD8-positive CD4-negative T cells in
the blood of Tax-CTL~treated NOG mice 1, 2, 3, 4, and 5 were
0.21, 3.72, 0.08, 0.08, and 0.01%, respectively (Fig. 6B, top,
second panel).

Forty-five days after ATL cell inoculation, the percentage of
CD4- and CD25-positive ATL cells in the whole blood of control
NOG mouse 1 was 4.60% (i.e., 4.70% [human CD45-positive
population] X 97.77% [human CD4-positive and CD25-positive
cells] = 4.60%). In control NOG mice 2, 3, and 4 and in Tax-CTL-
treated NOG mice 1, 2, 3, 4, and 5, the percentages of ATL cells in
whole blood, calculated in the same manner, were 7.07, 1.26, and
1.11 and 0.05, 6.96, 0.04, 0.01, and 0.02%, respectively (Fig. 6B,
bottom, second panel).

Seventy-nine days after ATL cell inoculation, the percentages of
CD4-positive ATL cells in the blood of control NOG mouse 3 and
in Tax-CTL—-treated NOG mice 1, 2, 3, 4, and 5 were 0.45, and
0.00, 1.27, 0.01, 0.00, and 0.00%, respectively. Control NOG mice
1, 2, and 4 sickened and died on days 47, 47, and 78, respectively,
due to ATL progression (Fig. 6B, bottom panels). At this time, the
percentages of CD8-positive CD4-negative T cells in the whole
blood of Tax-CTL-treated NOG mice 1, 2, 3, 4, and 5 were 0.00,
1.11, 0.01, 0.00, and 0.00%, respectively (Fig. 6B, bottom panels).
Throughout the study, no toxicity attributable to CTL injections
was observed in any of the mice that had received cells from
patient 1.
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in any of the mice. Original magni-
fication X200.

In the blood of CTL-treated mouse 2, not only the CD4-positive the residual ATL cells might persistently stimulate adoptively trans-
ATL cells, but also relatively high levels of CD8-positive cells ferred CD8-positive cells, leading to the expansion of these T cells
persisted more than in the other CTL-treated mice. We surmise that in the mouse.

A 3 - blood 6 - spleen 2.5 fiver B 50 FIGURE 5. Therapeutic efficacy of adop-
P=0.047 _p=°'°47 P=0.009 - P=0.007 tively transferred autologous Tax-CTL in a
25+ ¢ 5 - 2 - é wd o1 NOG mouse bearing primary ATL cells from
a i Ag o2 patient 1. (A) The percentages of ATL cells in
g 2 - 4 - N 5 o 3 whole blood, spleen, or liver cell suspensions of
E o o 15 = 30- (o} each autologous primary ATL-bearing NOG
g 1.5+ 3 - g a4 mouse. Tax-CTL treatment led to a significant
E 14 £ 20 -5 decrease of ATL cell infiltration into blood,
1 - 2 oA ° § - spleen, and liver. (B) Human sIL-2R concen-
1o A ] 0.5 E £ 10 tration in .the serum of each autologous primary
0.5 1 2 ATL-bearing NOG mouse. Tax-CTL treatment
A On o ° 0= ® significantly decreased human sIL-2R concen-
" control R — R — 0 'ml—w trations in serum in the primary ATL cell-bearing

CTL treated CTL treated CTL treated CTL treated NOG mice.
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FIGURE 6. Tax-CTL treatment re- :'1‘“' 2:: ntrol
sults in a significant prolongation of g !
survival in patient 1 primary ATL cell-
bearing NOG mice. Kaplan-Meier sur- EEE
vival curves of Tax-CTL-treated and 1 CTL treated
control mice. Tax-CTL recipient mice 052 621
had a significant prolongation of survival )
compared with controls (p = 0.002) (A).
In order to assess the ATL cell tumor
burden during the CTL treatment in both
groups, flow cytometry analyses of whole
blood cells were performed (B). Thirty-
one days after ATL cell inoculation, hu-
man CD45-positive cells in the ATL/
NOG whole blood are plotted to show
CD4 and CDS8 expression (top panel).
Control NOG mouse 5 sickened and died
on day 34 due to ATL progression; hu-
man CD45-positive cells in the remaining
mice are plotted to show CD4 and CD8
expression at day 38 (second panel from
top). Forty five days after inoculation,
human CD45-positive cells are plotted to
show CD4 and CD25 expression (second
panel from bottom). Control NOG mice
1,2, and 4 sickened and died on days 47,
47, and 78, respectively, due to ATL
progression; human CD45-positive cells
in the remaining mice are plotted to show
CD4 and CD8 expression at day 79
(bottom panel). The percentage of each
cell type is indicated in each panel. No
toxicity attributable to CTL injections day 79
was observed in any of the mice. 1 >ntrol

day 45

clvil @ 11 -

Therapeutic efficacy of adoptive autologous Tax-CTL in ATL/
NOG mice receiving cells from patient 2

ATL cell infiltrations into the organs were evaluated by flow
cytometry. The percentage of CD4-positive CD25-positive ATL cells
in the whole blood of control NOG mouse 1 was 15.3% (i.e., 16.7%
[human CD45-positive population] X 91.5% [human CD4-positive
CD25-positive cells] = 15.3%). In control NOG mice 2 and 3 and
in Tax-CTL~-treated NOG mice 1, 2, and 3, the percentages of ATL
cells in whole blood, calculated in the same manner, were 4.4 and
15.3% and 3.3, 5.8, and 5.4%, respectively (Figs. 7A, 8A, left panel).

The percentage of CD4-positive CD25-positive ATL cells in the
bone marrow of control NOG mouse 1 was 0.71% (i.e., 0.88%

— 51

[human CD45-positive population] X 80.54% [human CD4-positive
CD8-negative cells] = 0.71%). In control NOG mice 2 and 3 and in
Tax-CTL-treated NOG mice 1, 2, and 3, the percentages of ATL
cells in the bone marrow, calculated in the same manner, were 0.52
and 1.81% and 0.23, 0.11, and 0.13%, respectively (Figs. 7B, 8A,
right panel).

Immunopathological analyses of liver demonstrated that in the
control NOG mice, large atypical cells with irregular and pleo-
morphic nuclei proliferated with a patchy or focal pattern. The
atypical cells were positive for CD4 (Fig. 7C, top panels) and CD25
(data not shown), consistent with their being infiltrating ATL cells.
In the Tax-CTL—treated NOG mice, there were few areas infiltrated
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FIGURE 7. Analyses of patient 2 ATL cell
infiltration into the organs. Human CD45-positive
cells in ATL/NOG mice plotted to show CD4 and
CD25 expression in blood (A) and bone marrow
(B). The CD4- and CD25-positive cells are ATL
cells. The percentages of each cell type are in-
dicated in each panel. (C) Microscopy findings in
livers of mice with or without adoptive autolo-
gous Tax-CTL therapy. No toxicity attributable to
CTL injections was observed in any of the mice.
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magnification X100.
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by atypical cells. Images of CTL-treated mice are shown in Fig. respectively (Fig. 8B). Collectively, autologous Tax-CTL treatment
7C, bottom panels. The serum sIL-2R concentrations of control decreased the ATL tumor burden present in these mice. Throughout
NOG mice 1, 2, and 3 and Tax-CTL~treated NOG mice 1, 2 and 3, the study of the mice receiving cells from patient 2, no toxicity
were 20,438, 18,487, and 77,555 and 7641, 2101, and 2959 pg/ml, attributable to CTL injections was observed in any of the animals.
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Therapeutic efficacy of adoptive autologous Tax-CTL in the
ATL/NOG mice with cells from patient 3

In this case, Tax-CTL treatment did not show any therapeutic
efficacy in controlling CD4-positive CD25-positive ATL cell in-
filtrations into blood, spleen, liver, or bone marrow, as determined
by flow cytometric analyses. There were also no significant dif-
ferences between CTL-treated and control NOG mice in their
serum human sIL-2R concentrations. Again, no toxicity attribut-
able to CTL injections was observed in any of the mice. Collec-
tively, the conclusion in this study must be that autologous Tax-CTL
treatment did not decrease the ATL tumor burden present in these
mice.

Discussion

In the current study, therapeutic efficacy of adoptive patient-
autologous Tax-CTL against two out of three patients’ ATL cells
was documented in vivo in ATL/NOG mice. In the mouse model
with cells from patient 1, infiltration of substantial amounts of
CD8-positive T cells into each ATL lesion was observed in the
Tax-CTL-treated mice, associated with a significant decrease of
ATL cell infiltration into blood, spleen and liver, relative to con-
trols. Tax-CTL treatment significantly decreased human sIL-2R
concentrations in the serum (reflecting reduced ATL tumor bur-
den). The efficacy of CTL treatment was also assessed by survival
analysis using other ATL/NOG mice. Tax-CTL treatment led to
a significant prolongation of survival time compared with control
ATL/NOG mice. Adverse events such as organ disorders caused
by CTL treatment were not observed in any of the mice. These
findings show that Tax-specific CTL infiltrated the tumor site,
recognized, and killed autologous ATL cells in mice in vivo. Al-
though Tax expression of the inoculated primary ATL cells from
patient 1 (which were cultured in vitro) was low as assessed by
flow cytometry (Fig. 1A), potent autologous CTL activity was ob-
served in ATL/NOG mice in vivo. This was partially due to the
fact that ATL cells present at the site of active cell proliferation,
such as spleen or liver in ATL/NOG mice, expressed substantial
amounts of Tax, but it was minimally expressed by the tumor cells
in a quiescent state such as in the blood (17). In mice with ATL
cells from patient 2, the therapeutic efficacy of adoptive patient-
autologous Tax-CTL was also confirmed by decreased ATL cell
infiltration into the organs and the levels of human sIL-2R con-
centrations in the serum. In contrast to these two cases, in mice
with cells from patient 3, no therapeutic efficacy was seen in vivo.
This is consistent with the finding that the adoptively transferred
Tax-CTL did not respond to autologous ATL cells in vitro (Fig.
2C). Although the precise reason for this decreased susceptibility
of patient 3 primary ATL cells to autologous Tax-CTL in vitro and
in vivo is unclear, it is possible that it may reflect the clinical
features of the individual ATL patient. Thus, the clinical mani-
festation in patient 1, the most susceptible in mice in vivo, was
stable disease, with the patient under observation in a watch-and-
wait approach. Clinical manifestations of patient 2, moderately
susceptible in the mouse model, were aggressive, but the patient
did achieve long-term remission. The disease course in patient 3,
in contrast, was aggressive, and no long-term remission could be
achieved. Thus, although the therapeutic efficacy of Tax-CTL
in ATL/NOG mice was different in the three different patients, to
the best of our knowledge, this is the first demonstration, to our
knowledge, that adoptive therapy with Ag-specific CTL expanded
from a cancer patient mediates a potent antitumor effect, leading
to significant survival benefit for autologous primary cancer cell-
bearing mice in vivo (patient 1). The present study not only pro-
vides a strong rationale for exploiting Tax as a possible target for
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ATL immunotherapy, but also contributes to research supporting
the efficacy of adoptive CTL therapy for other types of cancer.

NOG mice have severe, multiple immune dysfunctions, such that
human healthy immune cells engrafted into them retain essentially
the same functions as in humans (27, 28). In addition, primary
human cancer cells also engraft and survive in NOG mice by
interacting with murine cells in the microenvironment; thus, NOG
mice have contributed to analyzing the pathogenesis of several
human cancers, especially hematopoietic malignancies, and evalu-
ating the effects of therapeutic agents (17, 29-32). The primary
ATL cells tested in this study could be maintained by serial
transplantation in NOG mice, but could not be maintained long-
term (>1 mo) in vitro in IL-2—containing media (data not shown).
These findings indicate that the ATL cells survived and prolifer-
ated in a murine microenvironment-dependent manner. That is to
say, the present ATL model should more truly reproduce human
ATL in vivo including the tumor microenvironment, compared with
any other current models, especially those that use established tumor
cell lines.

It is generally accepted that increased regulatory T (Treg) cells
in the tumor microenvironment play an important role in tumor
escape from host immunity in several different types of cancer (33,
34). Therefore, depletion of Treg cells in the vicinity of tumors is
a potentially promising strategy for boosting tumor-associated Ag-
specific immunity (35-38). We have shown that a therapeutic anti-
CCR4 mAbD does deplete Treg cells in vitro (39, 40) and in vivo
in humanized mice (27). Furthermore, we confirmed the CD25*
CD4*FOXP3" Treg depletion activity mediated by the humanized
anti-CCR4 mAb mogamulizumab (KW-0761) in humans (41-44).
Therefore, a combination of Tax-CTL adoptive immunotherapy with
mogamulizumab to act not only as an anti-ATL agent but also to
deplete Treg cells would be promising.
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Reactivation of hepatitis B virus in a patient with adult
T-cell leukemia-lymphoma receiving the anti-CC chemokine
receptor 4 antibody mogamulizumab
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The introduction of molecularly targeted drugs has increased
the risk of reactivation of hepatitis B virus (HBV), which is a
potentially fatal complication following anticancer chemo-
therapy even in patients who have previously resolved their
HBV infection. CC chemokine receptor 4 (CCR4) has been
identified as a novel molecular target in antibody therapy for
patients with adult T-cell leukemia-lymphoma (ATL) and
peripheral T-cell lymphoma, and the humanized anti-CCR4
monoclonal antibody mogamulizumab has been developed.
We reported HBV reactivation of an ATL patient with

previously resolved HBV infection after mogamulizumab
treatment in a dose-finding study for this antibody. Our ret-
rospective analysis using preserved samples also revealed
the detailed kinetics of HBV DNA levels before and just after
HBYV reactivation.

Key words: CC chemokine receptor 4, hepatitis B virus,
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INTRODUCTION

EACTIVATION OF HEPATITIS B virus (HBV) fol-
lowing anticancer chemotherapy and immunosup-
pressive therapy is a potentially fatal complication that
needs to be followed up carefully.! The advent of
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molecularly targeted drugs, which have immunosup-
pressive or immunomodulating actions, has increased
the risk of HBV reactivation. The anti-CD20 monoclonal
antibody rituximab, which forms part of the standard
regimen for B-cell non-Hodgkin’s lymphoma, has the
potential to cause HBV reactivation, even in patients
who have previously resolved their HBV infection and
are hepatitis B surface antigen (HBsAg) negative at
baseline.*® CC chemokine receptor 4 (CCR4) has
been identified as a novel molecular target in antibody
therapy for patients with adult T-cell leukemia-
lymphoma (ATL) and peripheral T-cell lymphoma, and
the humanized anti-CCR4 monoclonal antibody moga-
mulizumab, the Fc region of which is de-fucosylated to
enhance antibody-dependent cellular cytotoxicity, has
been developed.”"*® We herein report HBV reactivation
of an ATL patient with previously resolved HBV infec-
tion after mogamulizumab treatment in a dose-finding
study for this antibody.



