Matsuura et al

J Neuropathol Exp Neurol e Volume 74, Number 1, January 2015

FIGURE 6. Detection of apoptotic cells in the CNS. (A) Some small cells are apoptotic (DAB; brown, arrow

heads) detected by

anti-active caspase-3 antibody (Ab). (B-D) TdT-mediated dUTP nick end labeling assay. (B) A number of apoptotic cells (DAB;
brown) are detected in the spinal cord of a patient with HTLV-1-associated myelopathy/tropical spastic paraparesis (Patient 8624).
(€) Some infiltrating small cells around a small vessel (arrowhead) and some relatively large cells in the parenchyma (arrow) are
apoptotic. (D) The apoptotic cells are barely detectable in the control spinal cord from an HTLV-1-seronegative patient with
hepatoma. (E, F) Anti-single-stranded DNA antibody staining. (E) Numerous apoptotic cells (AEC; red) are detected in the spinal
cord (Patient 8624). A higher magnification picture in the inset shows apoptotic cells. (F) Apoptotic cells are barely detectable in

the control patient spinal cord. Scale bar = 100 um.

HTLV-1-infected cells could express viral antigens anywhere
in the body of the infected individuals (14, 32), the expression
of HTLV-1 proteins in vivo has remained elusive so far.

In this study, we succeeded in detecting HTL V-1 proteins
in the CD4-positive T cells infiltrating the CNS. This is con-
sistent with our previous reports in which HTLV-1-infected
cells were determined to be CD4-positive lymphocytes in the
CNS by in situ hybridization for HTLV-1 mRNA and in situ
polymerase chain reaction for HTLV-1 DNA (33, 34). The
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infiltrating HTLV-1-infected CD4-positive cells may easily
express the viral antigens in the CNS, which in turn facili-
tates the accumulation of HTLV-1-specific CTLs.

Human T-lymphotropic virus type-1 infection causes sev-
eral organ-specific inflammatory diseases including HAM/TSP
(2, 3). Previous reports demonstrating that HTLV-1 proviral
loads are high in affected organs such as the muscles, lungs,
and CNS suggest that HTLV-1-infected cells accumulate in
the organs (13, 35). The pathogenesis model in which both
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Visualization of HTLV-1-Specific CTLs in the CNS

FIGURE 7. Cell identification of apoptotic cells. (A—C) Astrocytes (A), oligodendrocytes (B), and apoptotic cells (C) were stained
with anti-glial fibrillary acidic protein (GFAP) antibody (Ab), anti-2’,3"-cyclic-nucleotide 3’-phosphodiesterase (CNPase) monoclo-
nal antibody (mAb), or anti-active caspase-3 Ab, respectively, in the spinal cord of Patient 8624. Nuclei were counterstained with
hematoxylin. (D-F, H) Double staining revealed that a CD4-positive cell (red, D), a CD68-positive cell (red, E), and some oligo-
dendrocytes (red, F), but no astrocytes (red, H), were apoptotic (green) (arrowheads) in the spinal cord of Patient 8624. (G)
Double staining with anti-CNPase mAb (green) and anti-HLA-ABC mAb (red) revealed that no oligodendrocyte expresses HLA-ABC.
There is no double-positive signal (yellow) in the merged image. White bars indicate 20 pm. Cas3, active caspase-3.

HTLV-1~infected CD4-positive T cells and the virus-specific
CD8-positive CTLs infiltrate the organs from the peripheral
blood followed by bystander tissue damage may explain
why HTLV-1 infection can cause several chronic inflammatory

© 2014 American Association of Neuropathologists, Inc.

diseases in various organs. Further studies are needed to
determine whether the similar immunopathologic model can
be applied to HTLV-1-associated inflammatory diseases in
other organs.
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Mogamulizumab, an Anti-CCR4 Antibody,

Targets Human T-Lymphotropic Virus Type 1-
infected CD8" and CD4" T Cells to Treat
Associated Myelopathy
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Background. Human T-lymphotropic virus type 1 (HTLV-1) can cause chronic spinal cord inflammation,
known as HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). Since CD4*CCR4" T cells are
the main HTLV-1 reservoir, we evaluated the defucosylated humanized anti-CCR4 antibody mogamulizumab as a
treatment for HAM/TSP.

Methods. We assessed the effects of mogamulizumab on peripheral blood mononuclear cells from 11 pat-
ients with HAM/TSP. We also studied how CD8" T cells, namely CD8" CCR4" T cells and cytotoxic T lympho-
cytes, are involved in HTLV-1 infection and HAM/TSP pathogenesis and how they would be affected by
mogamulizumab.

Results. Mogamulizumab effectively reduced the HTLV-1 proviral load (56.4% mean reduction at a minimum
effective concentration of 0.01 pg/mL), spontaneous proliferation, and production of proinflammatory cytokines,
including interferon y (IFN-y). Like CD4"CCR4™ T cells, CD8*CCR4" T cells from patients with HAM/TSP exhib-
ited high proviral loads and spontaneous IFN-y production, unlike their CCR4™ counterparts. CD8"CCR4™ T cells
from patients with HAM/TSP contained more IFN-y-expressing cells and fewer interleukin 4-expressing cells than
those from healthy donors. Notably, Tax-specific cytotoxic T lymphocytes that may help control the HTLV-1 infec-
tion were overwhelmingly CCR4™.

Conclusions. We determined that CD8"CCR4™ T cells and CD4"CCR4™ T cells are prime therapeutic targets for
treating HAM/TSP and propose mogamulizumab as a new treatment.

Keywords. HTLV-1; HAM/TSP; CCR4; mogamulizumab; CDS8.

Human T-lymphotropic virus type 1 (HTLV-1) infects
10-20 million people worldwide, causing HTLV-
1-associated myelopathy/tropical spastic paraparesis

(HAM/TSP) and adult T-cell leukemia/lymphoma
(ATL) in a small fraction of infected individuals
[1-3].HAM/TSP is an inflammatory disease of the cen-
tral nervous system (CNS) that is thought to develop via
so-called bystander damage, meaning that the host
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immune responses to HTLV-1-infected cells in the
CNS damage the spinal cord [4]. Currently established
treatments for HAM/TSP, such as corticosteroids [5]
and interferon alfa [6], do not effectively reduce the
HTLV-1 proviral load, which is well correlated with
disease severity [7]. Reverse transcriptase inhibitors,
which are used against human immunodeficiency
virus type 1, were not effective against HTLV-1 in
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clinical trials [8, 9]. These and other existing antiviral drugs usu-
ally block the viral replication process [10], but HTLV-1 may
escape these drugs by replicating using host cell division [11,
12). The ideal treatment strategy for HAM/TSP would be
selectively targeting and eliminating the HTLV-1-infected
cells, but no such treatments currently exist.

Mogamulizumab, a defucosylated humanized anti-CCR4 im-
munoglobulin G1 (IgG1) monoclonal antibody, was recently ap-
proved in Japan as a novel therapy for ATL [13]. Importantly,
ATL cells usually express chemokine receptor CCR4 [14]. Moga-
mulizumab strongly binds to Fcy receptor IlIa (FcyRIIla) on
natural killer (NK) cells and elicits powerful antibody-dependent
cellular cytotoxicity (ADCC) against the CCR4™ ATL cells [15, 16].

Recently, we found that CD4"CD25"CCR4™ T cells are the
main HTLV-1 reservoir in HAM/TSP [17]. These cells abnor-
mally produce interferon y (IFN-y) and are thought to play
an important role in producing the chronic inflammation in
HAM/TSP [17]. Thus, we began investigating the possibility
of treating HAM/TSP and ATL by targeting CCR4™ cells. We
have already established that the defucosylated human/mouse
chimeric anti-CCR4 antibody KM2760 effectively reduces the
HTLV-1 proviral load in cultured peripheral blood mononucle-
ar cells (PBMCs) from patients with HAM/TSP [18]. Here, we
evaluate for the first time the effects of the humanized antibody
mogamulizumab on cells from patients with HAM/TSP.

There is a population of CD8" T cells that express CCR4, but
these cells have so far received much less attention than CD4*
CCR4" T cells from HTLV-1 researchers. Although it has been
shown that HTLV-1 infects CD8" T cells [19], it is as of yet
unknown which among CD8" T cells are predominantly infected,
as well as whether and how the infection influences the functions
of those cells. CD8*CCR4™ T cells are reported to suppress inflam-
mation and play a beneficial role in controlling chronic inflamma-
tory diseases [20, 21]. It is important to determine whether
CD8"CCR4" T cells are protective or harmful during HAM/TSP
pathogenesis, as well as how these cells would be affected by
mogamulizumab.

We hypothesized that CCR4™ cells among CD8" and CD4"
T cells are highly infected and liable to develop proinflamma-
tory traits. It has been reported that HTLV-1 preferentially
transmits to CCR4™ T cells through CCL22 (a CCR4 ligand)
production induced by the HTLV-1 protein product Tax [22].
Tax has also been reported to induce IFN-y production via tran-
scriptional alterations within the infected cells themselves [18].

In the present study, we determined that mogamulizumab is
effective at reducing the proviral load and proinflammatory
character in PBMCs from patients with HAM/TSP. Next, we re-
vealed that CD8"CCR4" T cells are indeed highly infected by
HTLV-1 and become proinflammatory. Finally, we determined
that the majority of Tax-specific cytotoxic T lymphocytes
(CTLs) were CCR47, indicating that they would not be inadver-
tently targeted by mogamulizumab. Our results indicate that

CD8*CCR4" T cells should be considered a key therapeutic tar-
get when developing treatments for HAM/TSP and that moga-

_ mulizumab represents a viable candidate for such a treatment.

METHODS

Subjects

This study was approved by the Institutional Ethics Committee at
St. Marianna University and conducted in compliance with the
Declaration of Helsinki. All participants gave written informed
consent. Blood samples were obtained from 11 patients with
HAM/TSP (8 females and 3 males; median age, 57 years [range,
47-72 years]; proviral load, 4.7 copies/100 cells [range, 1.26-9.71
copies/100 cells]), 8 HTLV-1-positive asymptomatic carriers (6 fe-
males and 2 males; median age, 57 years [range, 28-76 years]; pro-
viral load, 4.7 copies/100 cells [range, 2.43-13.19 copies/100
cells]), and 8 HTLV-1-negative healthy volunteers (6 females
and 2 males; median age, 59 years [range, 51-72 years]). HTLV-
1 seropositivity was determined by a particle agglutination assay
(Fujirebio, Tokyo, Japan) and confirmed by Western blot (SRL
Inc., Tokyo, Japan). HAM/TSP was diagnosed according to the
World Health Organization guidelines [23]. PBMCs were separat-
ed by Ficoll-Hypaque density gradient centrifugation (Pancoll;
PAN-Biotech, Aidenbach, Germany) and viably cryopreserved
in liquid nitrogen with freezing medium (Cell Banker 1; Mitsu-
bishi Chemical Medience Corporation, Tokyo, Japan).

Cell Culture

PBMCs were seeded at 1 x 10° cells/200 pL/well in 96-well round-
bottomed plates in the presence or absence of mogamulizumab or
KM2760 (gifts from Kyowa Hakko Kirin Co., Ltd., Tokyo, Japan)
or human control IgG (Jackson ImmunoResearch Laboratories,
West Grove, PA) or prednisolone (LKT Laboratories, Inc.,
St. Paul, MN) and incubated at 37°C in 5% CO,. Roswell Park
Memorial Institute 1640 medium was supplemented with 10%
heat-inactivated fetal bovine serum and 1% penicillin and strep-
tomycin antibiotic solution (Wako Pure Chemical Industries Ltd.,
Osaka, Japan). The supernatants were collected and stored at
—80°C. The cells were harvested for DNA extraction or fluores-
cence-activated cell-sorter (FACS) analysis. The HTLV-1 proviral
load was measured using ABI Prism 7500 SDS (Applied Biosys-
tems, Carlsbad, CA), as described previously [24].

Cell Proliferation Assay

PBMC:s from patients with HAM/TSP were cultured for 7 days
as described above. PBMCs from healthy donors were stimu-
lated with 4 pg/mL of phytohemagglutinin-P (PHA; Sigma-
Aldrich, St. Louis, MO) and cultured in the presence or absence
of mogamulizumab or prednisolone for 3 days. During the Jast
16 hours, 1 uCi of *H-thymidine was added to each well, and
then cells were harvested and counted with a B-plate counter
(Wallac-Perkin Elmer, Waltham, MA). The assay was per-
formed in triplicate, and average values were used for analysis.
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Measurement of Cytokines

The concentrations of 6 cytokines (IFN-y, interleukin 2 [IL-2],
interleukin 4 [IL-4], interleukin 6 [1L-6], interleukin 10 [IL-10],
and tumor necrosis factor o [TNF-¢]) in culture supernatants
were measured with a cytometric bead array kit (BD Bioscienc-
es, San Diego, CA), using a FACSCalibur flow cytometer (BD
Biosciences).

Flow Cytometric Analysis

Cells were immunostained with various combinations of the
following fluorescence-conjugated antibodies to surface anti-
gens: anti-CD3 (UCHT1), anti-CD4 (RPA-T4), anti-CD8
(RPA-TS), anti-CD14 (61D3), and anti-CD19 (HIB19), from
eBiosciences (San Diego, CA); and anti-CD56 (B159) anti-
CCR4 (1G1), from BD Biosciences. The epitope of the anti-
CCR4 antibody (1G1) is different from that of mogamulizumab
and KM2760, and thus these treatments do not affect the bind-
ing of 1G1 to CCR4 [16]. In some experiments, allophycocya-
nin-conjugated HLA-A*2402/HTLV-1 Tax301-309 tetramer
(Medical & Biological Laboratories, Nagoya, Japan) was used.
To identify HTLV-1-infected cells, cells were fixed and permea-
bilized using a staining buffer set (eBiosciences) and then intra-
cellularly stained with anti-Tax antibody (Lt-4) [25]. To analyze
intracellular effector molecules, cells were fixed and stained with
the antibodies to perforin (8G9) and granzyme B (GB11; BD
Biosciences). For intracellular cytokine staining, PBMCs were
stimulated for 6 hours with phorbol 12-myristate 13-acetate
(50 ng/mL) and ionomycin (1 pg/mL, Sigma-Aldrich Japan,
Tokyo, Japan) in the presence of monensin (GolgiStop, BD
Biosciences). After being harvested, the cells were fixed and stained
with the antibodies to IFN-y (B27) and IL-4 (MP4-25D2; BD
Biosciences). The stained cells were analyzed using FACSCalibur,
and the data were processed using FlowJo software (TreeStar,
San Diego, CA). For cell sorting, CD8" T cells were negatively
selected from PBMCs, using MACS beads (Miltenyi Biotec,
Bergisch Gladbach, Germany). The purified CD8" T cells were
stained with anti-CD3, anti-CD8, and anti-CCR4 antibodies,
and then CD3"CD8", CD3"CD8"CCR4", and CD3"CD8"
CCR4™ T cells were separated using a cell sorter (JSAN, Bay
Bioscience Co., Ltd., Hyogo, Japan). The purity exceeded 95%.

Statistical Analysis

Values are expressed as means + standard deviations. The
paired ¢ test or the Wilcoxon signed-rank test was used for with-
in-group comparisons. The Mann-Whitney U test was used for
comparisons between groups. Repeated-measures analysis of
variance (ANOVA) followed by the Dunnett test or the Fried-
man test followed by the Dunn test were used for paired multi-
ple comparisons. Statistical analyses were performed using
GraphPad Prism 5 and Prism statistics (GraphPad Software,
Inc., La Jolla, CA), and P values of <.05 were considered statisti-
cally significant.

BESULTS

Mogamulizumab and KM2760 Reduce the HTLV-1 Proviral
Load and Inhibit Spontaneous Proliferation of PBMCs
From Patients With HAM/TSP
The effects of mogamulizumab and KM2760 were assessed by
measuring proviral loads in treated PBMCs from patients with
HAM/TSP. *H-thymidine incorporation was used to assess the in-
hibitory effects of the antibodies on spontaneous cell proliferation,
a distinctive phenomenon associated with PBMCs from HTLV-1-
infected individuals by which the cells proliferate without mito-
gens or stimuli in vitro [26]. Mogamulizumab and KM2760 both
reduced proviral load in a dose-dependent manner at concen-
trations of >0.01 pg/mL (mean reduction [+SD], 56.4% *21.1%
and 61.1% + 17.0%, respectively; P < .01 and P < .001, respectively;
Figure 1A). Notably, there was a mean reduction (+SD) of
66.4% +20.2% in the proviral load with 10 pg/mL mogamulizu-
mab (P <.001), which is the blood concentration of the antibody
in patients with ATL treated with 1 mg/kg mogamulizumab [13].
Mogamulizumab and KM2760 similarly inhibited spontaneous
proliferation in a dose-dependent manner at concentrations of
>0.01 pg/mL (mean inhibition [£SD], 25.6% *31.9% and
22.1% £ 35.9%, respectively; P <.01 and P <.05, respectively; Fig-
ure 1B). Because mogamulizumab and KM2760 showed such
similar results, only mogamulizumab was used in the next exper-
iments as representative of the 2. Mogamulizumab was also tested
against human IgG to control for nonspecific antibody effects and
more effectively reduced the proviral load and spontaneous pro-
liferation (Supplementary Figure 1A and 1B). Mogamulizumab
reduced the HTLV-1 proviral load in cells from asymptomatic
carriers, as well, in a dose-dependent manner (Figure 1C).
Finally, mogamulizumab inhibited PHA-stimulated prolifera-
tion of PBMCs from healthy donors at concentrations of
>0.1 pg/mL (P <.01), but the effects of prednisolone were
much more pronounced than those of mogamulizumab (pred-
nisolone vs mogamulizumab, P <.001; Figure 1D).
Prednisolone suppressed spontaneous proliferation (mean
inhibition [+SD], 37.4% + 35.2%; P <.001; Figure 1B) but did
not decrease proviral load (Figure 14). The combination of mo-
gamulizumab and 0.1 pg/mL of prednisolone, which corre-
sponds to the serum concentration achieved when 5 mg of
prednisolone is administered orally [27], reduced proviral
load as much as but no more than did mogamulizumab alone
(Supplementary Figure 24). On the other hand, *H-thymidine
incorporation was substantially more inhibited by the com-
bination treatment than with mogamulizumab alone (mean in-
hibition [+SD], 81.3% +18.3% vs 71.3% £19.3%; P=.01;
Supplementary Figure 2B).

Mogamulizumab and KM2760 Inhibit Proinflammatory Cytokine
Production in PBMCs From HAM/TSP Patients

Here we examined the effects of mogamulizumab and KM2760
on cytokine production in PBMCs from patients with HAM/
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Figure 1. Mogamulizumab and KMZ2760 reduce the human T-lymphotropic virus type 1 {(HTLV-1) proviral load and inhibit spontaneous proliferation of
peripheral blood mononuclear cells (PBMCs) from patients with HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). A and B, PBMCs
from 11 patients with HAM/TSP were cultured for 7 days without stimuli and without treatment or in the presence of mogamulizumab, KM2760, or pred-
nisolone (PSL). Cells were harvested, and the proviral load was measured using real-time polymerase chain reaction (A}. 3H~thymidine was added during the
last 16 hours of culturing. Cells were then harvested and analyzed for ®H-thymidine incorporation {B). Because mogamulizumab and KM2760 were equally
effective, only mogamulizumab was used thereafter as representative of the 2. €, PBMCs from 8 asymptomatic carriers were cultured for 7 days without
treatment or in the presence of mogamulizumab or PSL, and the proviral load was measured as described above. 0, PBMCs from 8 healthy donors were
stimulated with 4 pg/mL of phytohemagglutinin-P and cultured for 3 days without treatment or in the presence of mogamutizumab or PSL. *H-thymidine
incorporation was analyzed as described above. Data are presented as the mean + SD. Statistical analyses were performed using repeated-measures anal-
ysis of variance, followed by the Dunnett test, for comparison with PBMCs alone {A-C) or with PBMCs stimulated with PHA {D). The paired t test was used

to compare 10 pg/ml of mogamulizumab and PSL (D). *P<.05, **P< .01, and ***P<.001. Abbreviation: SD, standard deviation.

TSP. In line with previous reports [28], PBMCs produced various
cytokines, most notably IFN-y, in 7-day cultures without stimuli
(Figure 24). Mogamulizumab and KM2760 both reduced the
production of the proinflammatory cytokines IFN-y, IL-6, IL-2,
and TNF-a, as well as the immunosuppressive cytokine IL-10
(Figure 2B-F). Mogamulizumab reduced IFN-y production
more than did human IgG (Supplementary Figure 1C). Prednis-
olone at a concentration of 1 ug/mL effectively reduced IFN-y and
TNF-o but not IL-2, IL-6, or IL-10 production.

Mogamulizumab Eliminates CCR4* Cells Among Both CD4* and
CD8" T cells

Mogamulizumab effectively eliminated the CD4*CCR4" T cells
in cultured PBMCs from patients with HAM/TSP (Figure 3A
and 3B). FACS analysis also revealed a population of CD4~
CCR4" cells similarly affected by the antibody, and these cells
were found to be CD8" T cells (Figure 3C). Detailed investiga-
tion confirmed that CCR4™ T cells among the CD8" subset were
eliminated by mogamulizumab just as they were from the CD4"
subset (Figure 3D-E).

The ADCC Activity of Mogamulizumab Is Fast

Acting and Specific

FACS analysis showed that mogamulizumab reduced the fre-
quency of CCR4™ T cells among both CD4" and CD8" subsets
within 6 hours (P=.0003 and P =.004, respectively), with a
similar reduction in Tax* T cells observed within 24 hours
(P=.01 and P = .03, respectively; Figure 4A-C and Supplemen-
tary Figure 3). By contrast, mogamulizumab did not reduce the
frequency of B cells, NK cells, or monocytes after 24 hours
(Figure 4D).

CD8"CCR4" T Cells From Patients With HAM/TSP

Are Numerous and Highly Infected by HTLV-1

CD8"CCR4" T cells were then further analyzed to assess their
role in HAM/TSP and predict the potential benefits and risks of
eradicating them with mogamulizumab. Samples from patients
with HAM/TSP, compared with those from age-matched
healthy donors, contained a higher proportion of CCR4" cells
among both the CD4" T-cell subset (P=.003) and the CD8*
T-cell subset (P=.02; Figure 54). In addition, the proviral
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Figure 2. Mogamulizumab and KM2760 inhibit cytokine production in peripheral blood mononuclear cells (PBMCs) from patients with human

T-lymphotropic virus type 1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). PBMCs from 11 patients with HAM/TSP were cultured for
7 days without stimuli and without treatment or in the presence of mogamulizumab, KM2760, or prednisolone (PSL). The concentrations of cytokines
(interferon y [IFN-y], interleukin 6 [IL-6], interleukin 2 [IL-2], tumor necrosis factor o [TNF-ot), and interleukin 10 [IL-10)) in the superatants were then
measured. A, Direct comparison of the concentrations of these cytokines in the supernatants of untreated PBMC cultures. Horizontal bars represent
the median values. B-F, The effects of the treatments on the concentrations of these cytokines. Data are presented as the mean + SD. Statistical analyses
were performed using the Friedman test followed by the Dunn test for comparison with PBMCs alone. *P<.05, **P<.01, and ***P<.001. Abbreviation:

SD, standard deviation.

load was significantly higher in CD8"CCR4™ T cells than in
CD8"CCR4™ T cells (mean load [+SD], 13.6 +7.9 copies/100
cells and 0.72 £ 0.65 copies/100 cells, respectively; P =.0002;
Figure 5B).

CD8*CCR4" T Cells From Patients With HAM/TSP Possess
Proinflammatory Properties

Here we investigated the functional differences between
CD8"CCR4" T cells from patients with HAM/TSP and those
from healthy donors. CD8"CCR4" cells from both groups ex-
pressed minimal perforin and granzyme B (Figure 5C and
5D). In the CD8"CCR4™ T-cell subset, the frequency of perfor-
in-expressing cells was unremarkable, but the frequency of
granzyme B-expressing cells was higher in patients with
HAM/TSP than in healthy donors (P =.04; Figure 5C and
5D). Next, cytokine expression was evaluated in PBMCs stimu-
lated with phorbol 12-myristate 13-acetate and ionomycin in
the presence of monensin. Interestingly, samples from patients
with HAM/TSP included more IFN-y-producing cells (P =.02;
Figure 5E) but fewer IL-4-producing cells (P =.01; Figure 5F)
in the CD8"CCR4™ T-cell subset than did samples from healthy
donors. On the other hand, there were no such significant dif-
ferences among CD8"CCR4™ T cells (Figure 5E and 5F).

Finally, the concentrations of cytokines in the supernatants of
unstimulated cultures of isolated total CD8*, CD8*CCR4™,
and CD8"CCR4™ T cells were measured to assess spontaneous
cytokine production in these cell populations. Spontaneous
IFN-y production, like spontaneous proliferation, is a hallmark
of PBMCs from patients with HAM/TSP [29, 30]. Unsurprising-
ly, IFN-y was detected in no cell population from healthy
donors. Among samples from patients with HAM/TSP, CD8"
CCR4" T cells produced remarkably more IFN-y than did
CD8"CCR4™ cells (mean level [+SD], 364.0 + 445.3 pg/mL vs
1.9 £ 4.5 pg/mL; P=.001; Figure 5G). IL-4 was not detected in
any of the samples (data not shown).

The Majority of HTLV-1 Tax-Specific Cytotoxic

T Lymphocytes Are CCR4™

We analyzed CCR4 expression in Tax-specific CTLs to determine
whether CTLs against HTLV-1 also become targets of mogamu-
lizumab. Among the 11 patients studied, 7 had HLA-A*2402 and
were analyzed using the HLA-A*2402/HTLV-1 Tax301-309 tet-
ramer. The majority of Tax-specific CTLs did not express CCR4,
and the percentage of CCR4™ cells was lower in CTLs than in
total CD8" T cells (mean frequency [+SD], 2.3% + 1.0% and
8.5 +4.7%, respectively; P =.02; Figure 6).
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Figure 3. Mogamulizumab eliminates CCR4™ cells in both CD4* and CD8" T cells. A, Representative dot plots of fluorescence-activated cell-sorter anal-
ysis of CCR4 and CD4 expression in CD3* T cells among peripheral blood manonuclear cells from patients with human T-lymphotropic virus type 1-
associated myelopathy/tropical spastic paraparesis after 5-day culture in the presence or absence of 1 pg/mL of mogamulizumab. B, Percentages of
CCR4* cells in CD3*CD4* T cells were compared between the untreated and mogamulizumab groups {n=11). Statistical analysis was performed using
the Wilcoxon signed-rank test. C, The population enclosed in the box in panel A (the CD3*CD4~CCR4* subset) was gated and analyzed for the expression
of CD8. The percentage of CD8* cells is shown. D and £, CCR4 and CD8 expression in CD3" T cells was analyzed as described above.

DISCUSSION

In this study, we established mogamulizumab as a novel candi-
date treatment for HAM/TSP that targets infected cells by
marking CCR4"* T cells for elimination. Mogamulizumab re-
duced the number of infected cells, as measured via the proviral
load, and thus inhibited the excessive immune responses such
as spontaneous proliferation and proinflammatory cytokine
production that are attributed to those infected cells (Figures 1
and 2). Effects of mogamulizumab-induced ADCC activity were
detectable by FACS after as little as 6 hours of culturing
(Figure 4A-C).

The remaining proviral load after mogamulizumab therapy
was higher than expected (mean load [+SD], 3.25 + 2.58 cop-
ies/100 cells; Figure 1A). CD4*CCR4™ T cells [18] and
CD8"CCR4™ T cells (Figure 5B) from patients with HAM/
TSP were predominantly uninfected, and the antibody therapy
should have destroyed the vast majority of the infected CCR4™
T cells (Figure 3), yielding an expected proviral load of <1.0
copy/100 cells. It is possible that some CCR4™ T cells became
infected while the samples were being cultured, which is a
potential limitation of such in vitro experiments.

The inhibitory effects of mogamulizumab on PHA-stimulated
proliferation in PBMCs from healthy donors were statistically

significant but still minimal, compared with those of predniso-
lone (Figure 1D), indicating that mogamulizumab, in contrast
to immunosuppressive agents, acts via specific reduction of
infected cells rather than via nonspecific immune suppression.
Interestingly, prednisolone was considerably less effective at
suppressing the proliferation of T cells from patients with
HAM/TSP (Figure 1B) than from healthy donors. Although
we cannot be sure of the reasons behind this discrimination,
it appears that spontaneous proliferation is less vulnerable to
suppression by steroids since it is not a simple T-cell response
to antigens [31, 32]. Nevertheless, compared with mogamulizu-
mab alone, the combination with prednisolone enhanced the
suppressive effect of mogamulizumab on spontaneous prolifer-
ation without hampering proviral load reduction (Supplemen-
tary Figure 2).

Mogamulizumab also reduced the proviral load in PBMCs
from asymptomatic carriers (Figure 1C), which suggests that
it can be administered as a preventive treatment to asymptom-
atic carriers with high proviral loads who are at risk for devel-
oping HAM/TSP or ATL. It is well established that high proviral
load is associated with the onset and progression of HAM/TSP
[7,33], as well as with the development of ATL [34].

It was well known that although the main reservoir for HTLV-
1 is CD4" T cells, the virus also infects CD8" T cells in patients
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Figure 4. The antibody-dependent cellular cytotoxicity activity of mogamulizumab is fast acting and specific. Peripheral blood mononuclear cells (PBMCs)
from 6 patients with human T-lymphotropic virus type—associated myelopathy/tropical spastic paraparesis were cultured in the presence of 1 pg/mlL of
mogamulizumab or human immunoglobulin G (higG) or without treatment. CD4* and CD8* T cells were analyzed using fluorescence-activated cell-sorter
analysis, and the frequencies of CCR4" cells after 6 hours (A} and 24 hours (B), as well as that of Tax* cells {C) after 24 hours, are shown here. The
frequencies of CD19" B cells and CD37CD56" natural killer {NK) cells among lymphocytes, as well as CD14* monocytes among PBMCs after 24 hours
are also shown ([). Data are presented as the mean + SD. The paired f test was used to compare the effects of mogamulizumab and higG. Abbreviation:
SD, standard deviation.

with HAM/TSP [19]. Here we revealed for the first time that the important to eliminate both CD4"CCR4™ and CD8"CCR4*
overwhelming majority of infected CD8" T cells also expressed ~ T-cell subsets because both have elevated proviral loads and a
CCR4 (Figure 5B). Our findings in this study suggest that it is tendency to develop proinflammatory traits (Figure 5).
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CD3*CD8'CCR4™, and CD3*CD8*CCRA* T-cell subsets. CD8* T cells from 11 patients with HAM/TSP were isolated using negative separation with magnetic
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HAM/TSP are shown. P values are indicated only when <.05. G, CD3*CD8*, CD3*CD8*CCR4~, and CD3*CD8*CCR4* T cells were isolated from 6 healthy
donors and 11 patients with HAM/TSP as described above. These cells (3 x 10* cells/well) were cultured for 3 days without stimuli, and the concentration of
[FN-y in the supernatants was measured. Statistical analysis was performed using the Mann—-Whitney U-test (4 and C—F) or the Wilcoxon signed-rank test
(Band G). Data are presented as the mean + SD. Abbreviation: SD, standard deviation.
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CD8"CCR4" T cells normally produce IL-4 more often than
IFN-y and hardly produce any cytotoxic granules [35, 36];
these cells are thought to be protective against type 1-skewed
inflammation [21, 37]. In patients with HAM/TSP, these
CD8"CCR4" but not CD8*CCR4™ T cells are altered to produce
IFN-y rather than IL-4 (Figure 5E and 5F). CD8"CCR4" T cells
cultured alone exhibited spontaneous IFN-y production (Fig-
ure 5G), a hallmark of PBMCs from patients with HAM/TSP
[29, 30]. These results suggest that abnormal cells contributing
to the pathogenesis of HAM/TSP exist not only among
CD4*CCR4" T cells but also among CD8"CCR4" T cells. It is
thought that the functional abnormalities of these cells may
arise through transformations occurring within the infected
cells themselves, whereby HTLV-1 Tax induces transcriptional
alterations via T box transcription factor [18].

In the present study, HTLV-1 infection did not influence cy-
totoxic granule production in CD8"CCR4" T cells (Figure 5C
and 5D). The slightly increased fraction of granzyme B* cells
in CD8"CCR4™ T cells from patients with HAM/TSP is pre-
sumably attributable to the immune activation resulting from
the chronic viral infection [38-40].

Although eliminating the abnormal immune responses of the
infected cells should alleviate inflammation and related symp-
toms of the infection, it is also true that immune responses
against HTLV-1 are important for controlling said infection
[41]. We evaluated CCR4 expression in HTLV-1 Tax-specific
CTLs for fear that use of mogamulizumab might inadvertently
destroy CTLs that would have helped to control the infection
[42,43]. Since Tax-specific CTLs have been reported to be pref-
erentially infected by HTLV-1 [44], there was some concern that
our finding that infected CD8" T cells are predominantly
CCR4" meant that these CTLs would also be targeted by

mogamulizumab. However, we found that the majority of
Tax-specific CTLs do not express CCR4 (Figure 6), meaning
that they should essentially be spared during mogamulizumab
treatment.

Also concerning is that mogamulizumab is expected to target
CD4*CCR4" regulatory T (Treg) cells [45], which could elicit
autoimmune problems and even exacerbate the chronic inflam-
mation plaguing patients with HAM/TSP. However, there are
also CCR4™ Treg cells [45], which would be spared, and there
have been no reports of increased incidence of autoimmune dis-
ease in patients with ATL treated with mogamulizumab. Fur-
thermore, reducing the number of Treg cells may benefit
patients with HAM/TSP by preventing abundant Treg cells
from dampening immune control of the HTLV-1 infection
[28, 46].

We expect that eliminating HTLV-1-infected cells in the pe-
ripheral blood with mogamulizumab would reduce the number
of proinflammatory cells and mitigate the inflammation in the
CNS. Although HAM/TSP is a disease of the CNS, recent re-
ports suggest that it is indeed effective to target HTLV-1-infect-
ed cells in the peripheral blood because continued migration of
infected cells from the peripheral blood maintains and even ex-
acerbates the inflammation in the CNS [30].

Based on the results of this study, we have begun conducting
a clinical trial to test the efficacy of mogamulizumab on patients
with HAM/TSP (UMIN000012655). Our data suggest that as
little as one thousandth of the dose administered to patients
with ATL (1 mg/kg body weight [13]) may be effective for pa-
tients with HAM/TSP. In contrast to patients with an aggressive
cancer such as ATL, those with a chronic inflammatory disorder
like HAM/TSP would benefit from a more conservative ap-
proach that is safer but still effective.
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In conclusion, we have demonstrated that mogamulizumab
shows promise as a novel treatment for HAM/TSP. Our results
indicate that CD8*CCR4™ T cells and CD4*CCR4™ T cells are
key therapeutic targets and, thus, that the CCR4-targeting ther-
apy mogamulizumab can be expected to effectively ameliorate
chronic inflammation in patients with HAM/TSP. The lack of
success with classic antiviral therapies [8, 9] suggests that block-
ing viral replication is ineffective against HTLV -1, which mainly
spreads by cell division [11, 12]. Targeting the infected cells
themselves on the basis of their characteristic markers may be
the key to combating this tricky virus. If successful, mogamuli-
zumab would become the first treatment for a chronic viral in-
fection that effectively targets infected cells.
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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 subcutaneously 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 DC 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.

Adult T cell leukaemia/lymphoma (ATL) is an aggressive
Iymphoproliferative disease caused by human T cell leukae-
mia virus type-I (HTLV-I) infection (Uchiyama et al, 1977;

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

Poiesz et al, 1980; Hinuma et al, 1981). In particular, the
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 discases 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 et 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* CTLs
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 et 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 vivo (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 augment 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 et 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 et al, 2004; Linette
et al, 2005; Fuessel et al, 2006; Thomas-Kaskel et 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 clinical 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-I 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
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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-o, 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 dlinical 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 Healthcare,
Uppsala, Sweden) and density-adjusted Optiprep (1:073 g/ml;
Axis-Shield PoC, Oslo, Norway) were cultured at 37°C for 2 h,
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 iu/ml of IL4 (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 (MMC; 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 pmol/l of zidovudine (Retrovir, AZT; GlaxoSmithKline,
Research Triangle Park, NC, USA) was added whole through-
out the culture to avoid de novo 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 (http://
ctep.cancer.gov/protocolDevelopment/electronic_applications/
docs/ctcaev3.pdf). The clinical response was evaluated
according to the criteria proposed by the international con-
sensus meetings that led to the modification of the Japan
Clinical Oncology Group criteria (Tsukasaki et al, 2009).
Briefly, complete remission (CR) was defined as the disap-
pearance of all clinical, microscopic and radiographic evi-
dence of disease. 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 >50% 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-I 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 68/ female 57/ female
HLA-A allele 24:02, 31:01 24:02, 26:03 02:01, 11:01
Subtype of ATL Acute Acute Acute
Previous therapy mEPOCH, mEPOCH, mEPOCH,

lenalidomide mogamulizumab + PVP mogamulizumab + PVP

Disease status SD PR PR
Interval from previous therapy 2-5 months 1-5 months 2 months
Duration since diagnosis 14 months 11 months 6 months

Complication Allergic dermatitis

Breast cancer, DM, NASH Interstitial pneumonia

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.
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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-human
CD3 and PE/cyanin 5 (Cy5)-conjugated anti-human CD8
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 CELLQUEST software pro-
gram (BD Biosciences). For staining intracellular [FN-y 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 h in the presence of cognate Tax peptides
(10 umol/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 IFN-y mAb (4S.B3; BioLegend).

Detection of HTLV-I gene expression

To detect intracellular HTLV-I 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-I pX mRNA, total RNA extracted by
using Isogen (Nippon Gene, Tokyo, Japan) were treated with
DNase (Ambion, Austin, TX, USA), and subjected to quanti-
tative reverse transcription polymerase chain reaction (RT-
PCR) with the primer sets specific for HTLV-I 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 TTT TGG AGG
GAT CTC GCT CCT GGA AGA-3; reverse, 5-GTG AAG
GTC GGA GTC AAC GGA TTT GGT CGT-3') by using
LightCycler Fast Start DNA 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", CD40", HLA-DR™). The representa-
tive results obtained in Patient 1 are shown in Fig 1C. The
HTLV-I proviral load of the PBMCs in the input apheresis
samples were 114-8, 36-7 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 IL

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 2} 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 (iw/1) 473 245 250 326 329 268
sIL2R (u/ml) 19 056 1866 806 1462 1739 871
HTLV-I PVL (copies/1000 PBMCs) 114-8 12-4 367 14-9 177 296
Clinical response - PR - SD - PR

Long-term outcomes
TTNT (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 mononuclear cells; SD, 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.

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

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

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



