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Figure 4. Induction of inflammatory cytokines in infected IBMI-huNOG mice.
Human cytokine concentrations in plasma. Plasma was collected following sacrifice
of mock-infected (n = 4) and HTLV-1-infected mice (n = 8). Seventeen cytokines
were quantified using a cytokine bead array system. The concentrations of human
IL-6, IL-8, IL-10, IL-12, IL-13, IFNy, TNF-a, GM-CSF, and CCL4/MIP-1B are shown,
all of which were significantly increased in the plasma of HTLV-1~infected mice.
Increased expressions of the other 6 cytokines (IL-2, IL-4, IL-7, IL-17, G-CSF, and
MCP-1) were also observed in infected mice but not statistically significant. On the
other hand, little decrease in the concentrations of IL-1 and IL-5 was seen. Asterisks
in each panel represent significant differences vs mock-infected mice (*P < .05,
**P < .01 by Mann-Whitney U test).

human stem cells directly into the bone marrow cavity of NOD/
Shi-SCID/IL-2Ryc null (NOG) mice using an IBMI method.

The efficacy of humanization achieved in this model is markedly
superior to other procedures, such as intrahepatic or intrave-
nous injection of human hematopoietic stem cells.?**>?° While
T-lineage—cell populations become dominant over B-cell popula-
tions in the lymphoid organs of other humanized mouse systems
within a few months after transplantation, in IBMI-huNOG mice
the B-to-T-cell ratio remained constant for >8 months posttrans-
plantation (Figure 1E). One possible explanation for this dif-
ference is that direct injection of hematopoietic stem cell preparations
into the bone marrow of recipient mice improves the colonization
efficiency of long-term stem cells.?”*® Moreover, we used CD133*
cells to generate IBMI-huNOG mice. CD133, the early hematopoi-
etic progenitor cell marker, is thought to be ancestral to CD34
in human hematopoiesis.47 Previous studies have revealed that
CD133" cells were capable of differentiating not only into he-
matopoietic cells but also into endothelial, stromal, neuronal,
and other type of cells.*’"*® It is possible that human mes-
enchymal stromal cells derived from CD133% cells support the
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development and maintenance of human B cells in the bone
marrow microenvironment.

Having established a new humanized mouse model, we then
infected IBMI-huNOG mice with HTLV-1 through inoculation
with sublethally irradiated HTLV-1-producing cells.”® HTLV-1-
infected IBMI-huNOG mice recapitulated a large number of
pathological features characteristic of ATL patients, including
hyperproliferation of CD3™ T cells, clonal proliferation of CD25*
CD4 T cells, the appearance of flower cells in the periphery,
hepatosplenomegaly, inflammatory hypercytokinemia, and down-
regulation of CD3 on T cells.

Overgrowth of infected T cells was correlated with the expres-
sion of CD25 on CD4 T cells, consistent with recent reports.!’
However, the substantial proportion of CD25~ CD4 T cells were
also infected and identical T-cell clones, as determined by provirus
integration site, were detected as the most abundant clones in both
CD25™ and CD25" CD4 T-cell populations, suggesting that CD25
expression likely occurs after infection in the course of clonal
expansion. In addition, the expressions of tax and CD25 were
inversely correlated. Further research will be necessary to identify
molecular events associated with the suppression of tax expression
in HTLV-1-infected CD25" CD4 T cells in relation to the
development of ATL.

Banerjee et al'® described the development of T-cell lymphoma
following bone marrow transplantation of HTLV-1-infected CD34*/
CD38" hematopoietic stem cells into a NOD/SCID mouse. The
lymphoma cells in these mice were capable of infiltrating into
multiple organs but represented only CD25 ™~ or CD25"" pheno-
types. In contrast, HTLV-1-infected IBMI-huNOG mice de-
veloped leukemia in CD25™ CD4 T cells, similar to that observed
in ATL patients. The mechanism underlying this difference is
unknown but may be due to differences in the developmental
stage of T cells at the time of infection. Indeed, HTLV-1 infection
in a different humanized mouse model, generated by intrahepatic
transplantation of human CD34 " stem cells into Rag2 ™' “yc ™/~
mice, induced formation of thymomas/lymphomas in mature
CD4 T cells.'” In this case, HTLV-1 infection was carried out 4
and 8 weeks after transplantation of CD34 " hematopoietic stem
cells, giving the human immune system time to develop. Thus
the infection of CD34™ stem cells per se does not appear to be
sufficient for the induction of mature CD25* T cell malignancies
and may require more developed lymphoid cells or a more appro-
priate microenvironment capable of supporting cell development.

Furthermore, HTLV-1-infected IBMI-huNOG mice almost
exclusively developed leukemia, whereas HTLV-1 infection in
the other humanized mouse models described above preferen-
tially induced formation of lymphoma or thymoma. The reason
for this difference is not clear but may stem from differences in
the timing of T-cell infection. IBMI-huNOG mice were infected
after the human hematopoietic system had been fully established,
while in the other systems the infection was carried out before or
shortly after stem cell transplantation.

In addition to leukemic growth of CD25% T cells, we also
observed formation of flower cells in the peripheral blood of
infected mice at later time points postinfection (>16 wpi).
Although transformed T cells derived from Tax-transgenic mice
were found to exhibit similar morphology,'® none of the animal
models described so far had recapitulated this pathology. Clonal
analysis performed as part of this study demonstrated that the
expansion of CD25™ T-cell clones preceded the appearance of
flower cells in periphery, suggesting a sequence of events that
occurs during development of the malignancy. Thus, chronological
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Figure 5. Progression of clonality in splenocytes of infected IBMI-huNOG. (A) Occupancy of HTLV-1-infected clones in the spleen. Abundant integration sites of
HTLV-1 provirus were amplified by IL-PCR and subcloned into plasmids. The number of integration sites in each splenic DNA sample was determined by quantitative
PCR using the clone-specific nucleotide sequence for each integration site. Results from 8 individual HTLV-1-infected mice are shown as pie charts. Size of the slice is
proportional to the relative abundance of T-cell clones successfully amplified by IL-PCR, while data of minor clones with less than 0.1% occupancy were omitted. Gray
regions represent clones with undefined integration sites. n, number of integration sites determined by nucleotide sequence of cloned PCR fragments in each mouse.
(B) PVLs of specifiedT-cell populations. Splenocytes from HTLV-1~infected mice (n = 5) were sorted into CD25~ or CD25" CD4 T celis and CD8™ T cells. Genomic DNA
isolated from each T-cell population was analyzed for PVL by real-time PCR using primers for the pX region of HTLV-1. (C) Comparative analysis of viral transcripts in
CD25~ and CD25" CD4 T-cell populations. Splenocytes from HTLV-1-infected mice (n = 5) are identical to those in mentioned above. The expression levels of tax (left)
and HBZ (right) were analyzed by quantitative RT-PCR and were normalized to that of HPRT1. Results are presented as the fold change compared with the value in
CD25~ CD4 T cells. (D) Detection of common T-cell clones in the CD25~ and CD25™ CD4 T-cell populations. Clonal occupancy in both CD25~ and CD25™ populations
are presented as pie charts. Two abundant common clones were analyzed for occupancy. Identified integration sites are listed in supplemental Table 5. The purity of

each sorted population was >95% (supplemental Figure 3).

analysis of genetic and/or biochemical events in infected T cells from
this mouse model should provide substantial information regarding
the development of ATL.

We detected HLA-restricted CTLs against Tax protein of
HTLV-1, as demonstrated in the peripheral blood of HTLV-1-infected
carriers,* confirming the presence of an acquired immune response.
Furthermore, the frequency of CTLs in CD8 T-cell populations were
inversely correlated with the number of infected T cells in the spleen
of humanized mice, similar to observations in HTLV-1-infected
individuals.*® The presence of functional T cells was also supported
by the production of IgG antibodies specific to HTLV-1. Although
humanized mice established by the transplantation of CD347
hematopoietic stem cells have been reported to produce anti-
bodies against specific pathogens such as EBV,?* HIV-1,*! and

DENV, class switching from IgM to IgG was observed in only
a few cases, likely due to immature T-cell development. In the
IBMI-huNOG system, however, IgG production against HTLV-1
structural protein was observed after biphasic induction of anti-
bodies after 8 weeks, indicating a functional interaction between
CD4 T cells and B cells specific for viral antigens. Taken together,
these data demonstrate induction of an adaptive immune response
against HTLV-1 in HTLV-1-infected IBMI-huNOG mice, which
may play an important role as selective pressure in the expansion
of malignant T-cell clones.

In conclusion, our study demonstrates that the HTLV-1-infected
IBMI-huNOG mouse represents a novel model that will facilitate
elucidation of the molecular mechanism of in vivo development of
ATL. Moreover, our model can also be used to develop and evaluate



From bloodjournal.hematologylibrary.org at ST MARIANNA SCHOOL on May 19, 2014. For personal use only.

354 TEZUKA etal

A

invivo  exvivo

0.08

010"

;

HIV-1 env
tetramer

HTLV-1 Tax
tetramer

0O

[1X202
X204
B X207t
1536 gy X214t
X216

2048 s
1 \
N
N
N
N
N
N
1024 {EX219 “ S
\
\
N\
N
N\
N
N

ter

Antibody {

512 A

w

% of tetramer-positive cells

BLOOD, 16 JANUARY 2014 + VOLUME 123, NUMBER 3

r=-0.6622
« P=0.0028
[ ]

\‘\

o ofy
1 2 3 4

pX copies / 10* PBMCs (log,q)

O

2048 1 B X207

N X214

-
o))
@
o))
L

1024 A

Antibody titer

512

Figure 6. Induction of cellular and humoral immune
responses against HTLV-1 in infected IBMI-huNOG
mice. (A) Detection of HTLV-1—specific HLA-A*24:02-
restricted CTLs. Splenocytes from HTLV-1—-infected mice
at 8 wpi were stained with human CD8 and Tax301-309
tetramer or HIV-1 env gp160 tetramer as a negative
control, respectively. Representative results of tetramer-
positive CD8 T cells in vivo (left) and ex vivo culture with
Tax peptide (right) are shown. (B) Inverse correlation
between PVL and the frequency of Tax301-309-specific
CTLs. The percentages of tetramer-positive CD8 T cells
and PVL in the spleens of 18 HTLV-1-infected mice are
shown. One dot represents the result of an individual
HTLV-1-infected mouse. Spearman’s rank-correlation
coefficient (r?) was used to identify statistically significant
correlations. (C) HTLV-1-specific antibody responses in
HTLV-1-infected mice. HTLV-1-specific antibedy titers
in plasma were monitored by the particle agglutination
method. Each bar represents an individual mouse. The
plasma of indicated mice prior to infection were used as
negative-controls (shown as 0 wpi), and these titers were
undetectable level (<16). Mice with daggers (mouse ID:
X207 and X214) showed biphasic induction of antibody
responses; titers peaked at 8 wpi. (D) Detection of HTLV-
1-specific IgM or IgG antibody. Antibody depletion was
performed by addition of goat antibodies against human
1gG or IgM and anti-goat antibody conjugated magnetic
beads to the plasma of two mice, as shown in panel C
(indicated by daggers). Bars represent antibody titers in
the individual X207 and X214 mice. Ab, antibody.
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novel preclinical therapies that target viral gene products or cellular
molecules critical for viral replication as well as evaluate the efficacy
of vaccine candidates to prevent viral expansion in vivo.
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Cerebrospinal Fluid Neopterin, but not Osteopontin, is a
Valuable Biomarker for the Treatment Response in Patients
with HTLV-I-associated Myelopathy

Masahiro Nagai, Tomoaki Tsujii, Hirotaka Iwaki, Noriko Nishikawa and Masahiro Nomoto

Abstract

Objective The concentrations of neopterin and osteopontin in the cerebrospinal fluid (CSF) were measured
in patients with HTLV-I-associated myelopathy/tropical spastic paraparesis (HAM/TSP) in order to evaluate
their utility as biomarkers for the treatment response.

Methods Seven HAM/TSP patients were treated intravenously with high-dose methylprednisolone (1,000
mg/day) for 3 days. CSF samples were collected before and after the treatment. The neopterin and osteopon-
tin concentrations were determined using high-performance liquid chromatography (HPLC) and an enzyme
immunoassay, respectively. The clinical symptoms were evaluated using the Osame Motor Disability Score
and the Urinary Disturbance Score.

Results Four out of the seven patients showed an improvement in motor function with the treatment, and
were therefore classed as responders. The pre-treatment CSF neopterin concentration exceeded the upper
limit of normal in all seven of the patients, and tended to be higher in treatment responders as compared to
non-responders. The CSF neopterin concentration was reduced following treatment in all patients. The mean
CSF neopterin concentration significantly (p<0.01) decreased following treatment by almost 60% (from
124.1+79.9 nmol/L to 49.2+29.8 nmol/L). The mean CSF osteopontin concentration was significantly (p<
0.01) higher in the HAM/TSP patients in comparison to the 18 HTLV-1-seronegative patients who were des-
ignated as controls (9.54+4.53 mg/L vs. 3.72+3.04 mg/L). No significant (p=0.47) reduction of the CSF os-
teopontin concentration was observed following the intravenous administration of high-dose methylpredniso-
lone.

Conclusion These results indicate that the CSF neopterin concentration, but not the osteopontin concentra-
tion, is a potentially valuable biomarker for monitoring the treatment response in HAM/TSP patients. Fur-
thermore, high pre-treatment CSF neopterin concentrations may be a predictive biomarker for a response to
intravenous high-dose methylprednisolone therapy.
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TSP). The vast majority of HTLV-I-infected individuals are

Introduction

Human T-cell lymphotropic virus type I (HTLV-I) is an
exogenous human retrovirus that has been demonstrated to
be the etiological agent in adult T-cell leukemia as well as
in a progressive neurological disease called HTLV-I-
associated myelopathy/tropical spastic paraparesis (HAM/

clinically asymptomatic, with <5% of infected individuals
ever developing HAM/TSP. Clinically, HAM/TSP is charac-
terized by muscle weakness, hyperreflexia, spasticity in the
lower extremities and urinary disturbance associated with
the preferential damage of the thoracic spinal cord (1). Al-
though it is not yet completely understood how HTLV-I
causes HAM/TSP. it is believed that increased HTLV-I
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Table 1. Patient Characteristics
. Age Disease duration CSF anti-HTLV-I
Patient no. . .
(years) (years) antibody titer
1 70 M 13 1:512
2 81 F 2 1:800
3 43 F 2 1:256
4 48 F 4 1:800
5 77 F 5 1:512
6 60 F 2 1:512
7 56 F 10 1:128

F: female, M: male

proviral loads and immune responses to HTLV-I infected
cells play a pivotal role in the pathogenesis of this disor-
der (2).

Consequently, therapeutic strategies for HAM/TSP pa-
tients are directed towards these pathogenic phenomena. The
first therapeutic strategy is to reduce HTLV-I loads, although
anti-retroviral reagents such as reverse transcriptase inhibi-
tors seem to be less effective for HTLV-I infections than for
human immunodeficiency virus (HIV) infections. The sec-
ond therapeutic strategy is to modulate the abnormal im-
mune responses in HAM/TSP patients. Several immunosup-
pressive or immunomodulating therapies have been tried, in-
cluding corticosteroids, interferon-o¢ (IFN-ov), azathioprine
and plasmapheresis (3). Chronic oral prednisolone therapy
was empirically the most effective for the improvement the
neurological impairment that is associated with HAM/TSP.
However, adverse events such as osteoporosis, glucose intol-
erance and gastroduodenal ulceration have limited its use for
HAM/TSP patients, especially elderly postmenopausal
women. We have chosen IV high-dose methylprednisolone
as a first-line therapy because this treatment has a better tol-
erability profile than chronic oral prednisolone therapy. An-
other reason is because IV high-dose methylprednisolone
therapy has been extensively and successfully used for pa-
tients with relapses of multiple sclerosis or other immune-
mediated neurological disorders.

Although the anti-HTLV-I antibody titer in the cerebrospi-
nal fluid (CSF) is used as a diagnostic biomarker of HAM/
TSP, it is inadequate as a biomarker for monitoring the
treatment response. However, increased CSF neopterin con-
centrations have been previously reported in patients with
HAM/TSP (4, 5). Neopterin is a pyrazino-pyrimidine com-
pound that is produced by macrophages after stimulation by
IFN-v from activated T cells. The concentration of neopterin
in the CSF has been used as a biomarker for cellular im-
mune response in the central nervous system (CNS). Osteo-
pontin has multiple functions and is involved in the recruit-
ment of macrophage and T cells in inflammatory lesions.
Osteopontin enhances IFN-y and interleukin (IL)-12 produc-
tion and depresses the release of IL-10 from immune
cells (6). It is up-regulated in the brains of patients with
multiple sclerosis and in the spinal cords of mice with ex-
perimental autoimmune encephalomyelitis (7, 8). It is there-
fore believed that both neopterin and osteopontin could be
valuable biomarkers for indicating the severity of inflamma-

Table 2. Rating Scale for the Osame Motor Dis-
ability Score

0 Normal walking and running

1 Normal gait but runs slowly

2 Abnornmnal gait

3 Abnormal gait and unable to run

4 Needs support while using stairs

5 Needs 1-hand support in walking

6 Needs 2-hand support in walking

7 Needs 2-hand support in walking and is limited to 10 m
8 Needs 2-hand support in walking and is limited to 5 m
9 Unable to walk but able to crawl on hands and knees
10 Crawls with hands

11 Unable to crawl but can tumn sideways in bed

12 Unable to tumn sideways but can move toes

13 Completely bedridden

tion and the degree of T cell activation in the CNS.

Chronic oral prednisolone therapy decreases CSF neo-
pterin concentrations in HAM/TSP patients (3). However, it
is not yet known if CSF neopterin concentrations change
rapidly after treatment and might, therefore, be useful in
predicting the response to corticosteroid therapy. The CSF
osteopontin concentrations in HAM/TSP patients have not
yet been investigated. We herein present the results of our
study in which we monitored the CSF neopterin and osteo-
pontin concentrations before and after IV high-dose methyl-
prednisolone therapy in patients with HAM/TSP in order to
evaluate their utility as biomarkers for treatment response.

Materials and Methods

The diagnosis of HAM/TSP was made according to the
current WHO diagnosis guidelines. The anti-HTLV-1 anti-
body titers were measured using a particle-agglutination
(PA) test. The characteristics of the seven patients with
HAM/TSP who were recruited are summarized in Table I.
They had not been previously treated with either immuno-
suppressive or immunomodulating agents. They were treated
with IV infusions of high-dose methylprednisolone (1,000
mg/day) for 3 days following their hospital admission. None
of the patients received any additional oral corticosteroid
therapy following the IV administration of high-dose meth-
ylprednisolone. The Osame Motor Disability Score (OMDS)
and the Urinary Disturbance Score (UDS) were used for the
clinical evaluation. The OMDS rating scale is shown in Ta-
ble 2. The UDS was calculated from the sum of the scores
(O=normal, l=slight, 2=moderate, 3=severe) for three symp-
toms (increased frequency of urination, feeling of residual
urine, incontinence). CSF was obtained from each patient
with written informed consent. Lumbar punctures were per-
formed before and within 7 days of treatment completion.
The collected CSF was stored at -80°C until analyzed. The
study was approved by the hospital ethics committee.

The CSF neopterin concentrations were measured using
high-performance liquid chromatography (HPLC) with
fluorometric detection. Thawed CSF aliquots (100 pL) were
acidified with ice-cold 0.1 M HCI (100 uL) and kept on ice.
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A mixture of 1% L. and 2% KI in 0.1 M HCI (50 pL) was
then added, and the samples were incubated at room tem-
perature under dark conditions. An aqueous solution of
1.5% ascorbic acid (50 uL) was then added to the mixture,
which was then centrifuged at 10,000 rpm for 1 min. The
supernatant (100 uL) was injected into a C18 column (150x
2.1 mm) with 3.5% methanol in water as the mobile phase.
The quantification of osteopontin in the CSF samples was
performed using a commercially available enzyme immu-
noassay kit (human osteopontin assay kit, Immuno-
Biological Laboratories, Japan) according to the manufac-
turer’s protocol.

Statistical analysis was performed using the JMP10 soft- -

ware program (SAS). The results are expressed as mean+SD
and median values. The paired data from before and after
treatment were analyzed by Wilcoxon’s signed-rank test.
The Mann-Whitney U test was used to compare groups. p
values of <0.05 were considered to be statistically signifi-
cant.

Results

Four out of the seven patients showed improvement in
their motor function after treatment with I'V high-dose meth-
ylprednisolone. One patient improved by two grades and the

Table 3. Changes in the Disability Scores after
IV High-dose Methylprednisolone Therapy

. OMDS UDS
Patient no.
Before After Before After
! 5 4 6 5
2 10 8 9 7
3 4 4 5 3
4 3 3 3 3
5 5 4 3 3
6 10 9 7 6
7 5 5 3 3

OMDS: Osame Motor Disability Score, UDS: Urinary
Disturbance Score

others improved by one grade on the OMDS rating scale
(Table 3). An improvement in the urinary disturbance score
was observed in four patients (Table 3). Three of the pa-
tients showed improvements on both scales, while one pa-
tient showed an improvement in the urinary disturbance
score without an associated improvement in motor function
and a second patient showed improved motor function with-
out an improvement in the urinary disturbance score. Five
patients had sensory disturbance (pain and numbness of
lower limbs and back pain) before the treatment. The treat-
ment alleviated pain in all five patients.

The CSF neopterin concentrations exceeded the upper
limit of normal (30 nmol/L) in all of the patients before
treatment. The mean CSF neopterin concentration was
124.1+£79.9 nmol/L (median 89.9 nmol/L) for all seven pa-
tients prior to treatment. The CSF neopterin concentrations
decreased in all of the patients after IV high-dose methyl-
prednisolone therapy. The mean CSF neopterin concentra-
tion was significantly (p<0.01) reduced by almost 60% after
treatment to 49.2+29.8 nmol/L (median: 43.4 nmol/L) (Ta-
ble 4). The changes in the CSF neopterin concentrations ac-
cording to the treatment parameters for each patient are
shown in Fig. 1.

250 4
PL6
P2

200

Pl

100 P

PLS
L3
Pr7

Concentration of CSF neopterin (nmol/L)

Before After

Figure 1. The CSF neopterin concentrations before and af-
ter IV high-dose methylprednisolone therapy. The closed and
open symbols indicate clinical responders and non-responders,

respectively.

Table 4. Changes in the CSF Parameters after IV High-dose Methylprednisolone

Therapy

) Neopterin Osteopontin anti-HTLV-1 Cells Protein

Patient (nmol/L) (mg/L) antibody titer (/uL) (mg/dL)
no. Before  After Before After Before After Before After Before  After
1 157.4 43.4 10.69 13.46 1:512 1:512 6 2 25 27
2 2255 108.7 7.22 936 1:800 1:256 10 8 54 50
3 54.9 8.9 3.67 5.05 1:256 1:128 6 7 45 29
4 89.9 385 13.15 12.33 1:800 1:800 7 6 50 44
S 60.9 25.4 4.66 4.81 1:512 1:128 3 3 39 35
6 230.8 61.7 16.02 11.50 1:512 1:512 12 6 52 29
7 49.5 47.8 11.36 3.70 1:128 1:256 5 7 20 23
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Figure 2. The CSF osteopontin concentrations before and
after I'V high-dose methylprednisolone therapy. The closed
and open symbols indicate clinical responders and non-re-
sponders, respectively.

The mean CSF osteopontin concentration was 9.54+4.53
mg/L. (median 10.69 mg/L) prior to treatment. Unlike for
neopterin, our laboratory had not yet set an upper limit of
normal for CSF osteopontin. We therefore compared CSF
osteopontin concentrations for our seven HAM/TSP patients
to those for 18 HTLV-I-seronegative patients with spondylo-
sis as a control group. The mean CSF osteopontin concen-
tration was 3.72+3.04 mg/L (median 3.52 mg/L) in the con-
trol group. The pre-treatment CSF osteopontin concentration
in our seven HAM/TSP patients was significantly (p<0.01)
higher than that of the control group. The mean CSF osteo-
pontin concentration was 8.6x4.03 mg/L (median: 9.36 mg/
L) after treatment in the seven HAM/TSP patients, which
was not significantly (p=0.47) different than the pre-
treatment values (Table 4). The pre-treatment and post-
treatment CSF osteopontin concentrations for each HAM/
TSP patient are shown in Fig. 2.

We defined HAM/TSP patients who showed an OMDS
improvement as responders. The mean pre-treatment CSF
neopterin concentration in responders (n=4) was 168.7£79.2
nmol/L (median 191.5 nmol/L), but only 64.8+22.0 nmol/L
(median 54.9 nmol/L) in non-responders (n=3). While the
pre-treatment CSF neopterin concentrations tended to be
higher among responders compared to non-responders, the
difference was not statistically significant (p=0.056). The
mean pre-treatment CSF osteopontin concentration was
9.64+491 mg/L (median 8.95 mg/L) in responders and
9.34+5.04 mg/L (median 11.36 mg/L) in non-responders
with no significant difference between the groups (p=0.43).

The HTLV-I antibody titer, and the number of cells and
the amount of protein in the CSF were not significantly al-
tered by the treatment (Table 4).

The IV high-dose methylprednisolone therapy was well
tolerated by all of the patients. Although insomnia was ob-
served as an adverse effect of treatment, it was transient. No
serious adverse events were observed.

DOI: 10.2169/internalmedicine.52.0869

Discussion

We herein demonstrate that the CSF neopterin concentra-
tion significantly decreases following IV high-dose methyl-
prednisolone therapy in patients with HAM/TSP. While the
pre-treatment CSF osteopontin concentrations were signifi-
cantly higher in HAM/TSP patients as compared to the con-
trols, there were no statistically significant changes in the
CSF osteopontin concentrations after treatment.

The coexistence of a high HTLV-I proviral load and
HTLV-I-specific T cells is an important feature of HAM/
TSP (9). This distinguishing feature is observed in both pe-
ripheral blood and CSF of patients with HAM/TSP (9, 10).
Histopathological studies indicate the existence of HTLV-I-
infected cells as well as a local inflammatory response in
the spinal cord lesions of HAM/TSP patients (11, 12). It is
therefore believed that the immune response to HTLV-I
likely contributes to the inflammatory process of the CNS
lesions in HAM/TSP patients and causes the clinical symp-
toms of HAM/TSP. Activated lymphocytes and macrophages
up-regulate the production of pro-inflammatory cytokines
such as IL-1, IL-6 and IFN-y (13). The significant elevation
of the levels of these cytokines has been described in the
CSF of HAM/TSP patients (14, 15). High values of CSF
neopterin have also been reported in HAM/TSP pa-
tients (4, 5). Neopterin is released by stimulated macro-
phages, and the concentration of CSF neopterin reflects the
degree of the inflammatory response in the CNS. The con-
centration of CSF neopterin is significantly correlated with
the HTLV-I proviral load, which is an important risk factor
for the development of HAM/TSP (10). The CSF neopterin
concentration is therefore useful as an adjunct to the diagno-
sis of HAM/TSP. In our study, we confirmed the elevation
of CSF neopterin concentrations in HAM/TSP patients.

Moreover, we also demonstrated that CSF osteopontin
concentrations are increased in HAM/TSP patients. To the
best of our knowledge, this is the first report concerning os-
teopontin concentrations in HAM/TSP patients. Osteopontin
is a secreted phosphoprotein that is produced by many kinds
of cells including osteoblasts, activated lymphocytes, macro-
phages, vascular smooth muscle cells and kidney cells (16).
It has a multifunctional capacity, and is involved in bone re-
modeling, tumor progression, atherosclerosis, inflammation
and immunity (16). Osteopontin promotes the production of
pro-inflammatory cytokines such as IL-12 and IFN-y (6).
Several studies have reported that osteopontin concentrations
are significantly elevated in the CSF of patients with multi-
ple sclerosis (17-19). Our finding suggests that a chronic in-
flammatory response in the CNS lesions of HAM/TSP is re-
flected by the CSF osteopontin concentrations as well as the
CSF neopterin concentrations. If so, which is the better di-
agnostic marker for HAM/TSP? The CSF neopterin concen-
trations exceeded the upper limit of normal in all HAM/TSP
patients. However, the CSF osteopontin concentrations in
three of the seven HAM/TSP patients overlapped the range
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measured for the control group. Thus, the CSF neopterin
concentration would appear to be more suitable for discrimi-
nating HAM/TSP and non-HAM/TSP patients than CSF os-
teopontin concentration. :

Various treatments have been tried for HAM/TSP pa-
tients (3). Almost all of the studies have been open-label tri-
als or case series with the exception of a multicenter, ran-
domized placebo-controlled, double-blind study of an IFN-a
trial in Japan (20). However, no study has conclusively dem-
onstrated a long-term clinical benefit. Well-designed clinical
trials are therefore necessary in order to develop effective
therapies which may improve the long-term prognoses for
HAM/TSP patients (21). In addition, validated surrogate
biomarkers are required for the determination of the effec-
tiveness of investigational treatments.

It has been previously reported that approximately 70% of
HAM/TSP patients who are treated with a chronic oral ad-
ministration of prednisolone (n=131) improved by at least
one OMDS grade (3). Furthermore, the treatment signifi-
cantly decreased the reported CSF neopterin concentrations
in 16 patients. The mean CSF neopterin concentration was
also reduced from 155.4 nmol/L to 79.5 nmol/L by IV high-
dose methylprednisolone therapy in eight of the previously
reported patients, but the change was not statistically signifi-
cant (3). Unfortunately, the timing of the CSF sampling af-
ter IV high-dose methylprednisolone therapy was not speci-
fied in that publication. The timing of CSF sampling is
likely critical with such short-term therapies as IV high-dose
methylprednisolone, since the CSF neopterin concentration
seems to increase after the discontinuation of treatment. In
our study, the CSF samples were collected within 7 days of
the completion of the IV high-dose methylprednisolone ther-
apy in order to attenuate the impact of the change on the
CSF neopterin concentration. The CSF neopterin concentra-
tion changed rapidly after IV high-dose methylprednisolone
therapy. This finding suggests that CSF neopterin is a sensi-
tive biomarker for the evaluation of the early-phase response
to treatments in HAM/TSP patients. This feature may be
partially due to the short half-life of neopterin which has
been estimated to be 90 minutes in the circulation (22). In
contrast, there was no significant change in the CSF osteo-
pontin concentrations that were was observed after IV high-
dose methylprednisolone therapy in the HAM/TSP patients.
Even though there is a possibility that a change in the CSF
osteopontin concentration may arise several days after the
treatment, it is clear that the CSF osteopontin concentration
is unreliable as a biomarker for the assessment of an early-
phase response to treatment. Although the influence of IV
high-dose methylprednisolone therapy on HTLV-I proviral
loads is still unclear, the therapy doesn’t seem to reduce
HTLV-I proviral loads. It has been reported that the osteo-
pontin gene was transactivated by HTLV-I Tax protein (23).
If the elevation of the CSF osteopontin levels in HAM/TSP
patients is due to an HTLV-I infection of the osteopontin
producing cells, but not the inflammatory response, then the
unchanged osteopontin levels by IV high-dose methylpredni-

solone therapy are thus thought to be understandable.

Although it was not a statistically significant difference,
and it is most likely due to the small number of patients, the
pre-treatment CSF neopterin concentrations of those patients
who responded to the IV high-dose methylprednisolone ther-
apy tended to be higher than those of non-responders. This
suggests that patients with relatively high values of CSF
neopterin may have a more favorable response to IV high-
dose methylprednisolone therapy. Additional patients need to
be examined in order to confirm the belief that CSF neo-
pterin is useful as a predictive biomarker for responders to
IV high-dose methylprednisolone therapy.

The mechanism of action of for the corticosteroids on
HAMY/TSP remains to be elucidated. The anti-inflammatory
properties of the corticosteroids may attenuate the degree of
the inflammatory response in spinal cord lesions. This non-
specific anti-inflammatory effect may result in clinical im-
provements in the patients, especially when the inflamma-
tion is very intense. Moreover, corticosteroids may also af-
fect the HTLV-I infected cells or the immune response to
HTLV-IL. It has been demonstrated that betamethasone ther-
apy decreased CD4'Tax™ T cells and increased CD4 Foxp3”
T cells (regulatory T cells) in the peripheral blood samples
of patients with HAM/TSP (24). Corticosteroids therapy
may reduce the erratic IFN-y production by T-cells in pa-
tients with HAM/TSP, which is then followed by a reduc-
tion of neopterin release by the stimulated macrophages.

Our study did not address how long the clinical effect and
the reduction of CSF neopterin concentration lasted after the
IV high-dose methylprednisolone therapy had been discon-
tinued. An open-label clinical trial of IV high-dose methyl-
prednisolone has been reported from Brazil, in which 39 pa-
tients with HAM/TSP received IV high-dose methylpredni-
solone every 3-4 months (25). The Incapacity Status Scale
showed a significant neurological improvement of 24.5% af-
ter a mean follow-up of 2.2 years. However, the CSF
biomarkers were not reported in that trial. Further study will
therefore be needed to clarify the long-term changes in the
CSF neopterin concentration following the treatment of
HAM/TSP patients.

In conclusion, our results indicate that the concentration
of CSF neopterin, but not that of osteopontin, is a poten-
tially valuable biomarker for monitoring treatment response
in HAM/TSP patients. In addition, high pre-treatment CSF
neopterin concentrations may be a predictive biomarker for
response to [V high-dose methylprednisolone therapy.
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domains of MuSK.

Muscle-specific tyrosine kinase (MuSK) antibodies are detected in a proportion of myasthenia gravis (MG)
patients who are negative for acetylcholine receptor (AChR) antibodies and have prominent bulbar weakness
and crises. In the MuSK ectodomains, the immunoglobulin-like 1 and 2 domains (Ig1/2) mediate the agrin-
Lrp4-MuSK signaling and the cysteine-rich domain (CRD) mediates the Wnt-MuSK-Dishevelled signaling;
both contribute to AChR clustering. Immunoblotting against recombinant proteins showed MuSK 1g1/2 anti-
bodies in 33 anti-AChR-negative MG patients; 10 patients of them (30%) were additionally positive for MuSK
CRD antibodies. The result suggests that MuSK antibodies have heterogeneity in their binding to functional

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Myasthenia gravis (MG) is a disease of neuromuscular junction
(NM]J) which is mainly caused by an immune response to the nicotin-
ic acetylcholine receptor (AChR) in skeletal muscle. A proportion of
MG patients are negative for AChR antibodies, and instead have anti-
bodies (largely IgG4 and partially 1gG1) against the muscle-specific
tyrosine kinase (MuSK) (Vincent et al, 2008) with the clinical
features including prevalence in women, prominent bulbar involve-
ment, crises and anticholinesterase nonresponsiveness (Pasnoor et
al., 2010; Guptill et al., 2011). MuSK is stimulated from “inside” the
muscle cells by Dok7 (Yamanashi et al, 2012), and from the
“outside” by Lrp4 (agrin receptor) with and without agrin
(Weatherbee et al., 2006; Kim et al., 2008; Zhang et al.,, 2008);
MuSK thereby contributes to AChR stabilization and clustering
through various intracellular kinase cascades (Wu et al, 2010).
Also, MuSK contains the receptor for Wnts which belong to a family
of secreted glycoproteins and interact with the muscle-expressed Di-
shevelled (Dvl) that is essential for the noncanonical Wnt signaling
cascade contributing to AChR clustering (Luo et al,, 2002; Korkut
and Budnik, 2009; Wu et al., 2010); this pathway also regulates a ret-
rograde signaling to nerve terminals (Luo et al., 2002). In the MuSK
ectodomains, its first and second immunoglobulin-like domains
(1g1/2) mediate the agrin-Lrp4 signaling (Stiegler et al., 2006) and
its cysteine-rich domain (CRD) mediates the Wnt signaling

* Corresponding author, Tel.: +81 76 233 1811; fax: +81 76 221 8603.
E-mail address: m-takamori@vanilla.ocn.nejp (M. Takamori).

0165-5728/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jneuroim.2012.09.001

(Stiegler et al., 2009). In view of these, we studied the MG patients
focusing on the antibodies against the MuSK CRD in association
with the antibodies against the MuSK Ig1/2 domains.

2. Patients and methods
2.1. Patients

Serum samples were obtained from 43 anti-AChR-negative pa-
tients, aged from 6 to 80 years at onset (13 men and 30 women),
with generalized MG defined by the Myasthenia Gravis Foundation
of America (MGFA) classification (grades from Ila to V) (Jaretzki et
al., 2000). The diagnosis was based on fatigable muscle weakness
with electrophysiological evidence of decrementing compound
muscle action potentials to low-rate repetitive nerve stimulation or
increased jitter on single-fiber electromyography; a positive re-
sponse to edrophonium injection was considered as a finding
in favor of the diagnosis. Thirty-three patients, aged from 6 to
80 years at onset (10 men and 23 women), of these 43 patients
were positive for MuSK antibodies (ranged from 5.32 to 131.40 nM.
control, <0.05 nM) determined by the standard radioimmunoassay
(RIA) (McConville et al., 2004); the remaining 10 patients negative
for standard RIA-determined MuSK antibodies, aged from 20 to
65 years at onset (3 men and 7 women) were also studied as MG di-
agnosed by clinical and electrophysiological features (MGFA-graded
from Ila to Illa). Control sera were obtained from 10 healthy volun-
teers aged from 22 to 43 years (5 men and 5 women) and from 10
disease controls with MG, aged from 18 to 70 years at onset (2 men
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and 8 women) and MGFA-graded from IIb to Illb who were positive
for AChR antibodies (from 5.6 to 77.0 nM. control, <0.2 nM) and
negative for standard RIA-determined MuSK antibodies (<0.05 nM).

2.2. Recombinant expression of MuSK Ig1/2 domains and CRD

DNA fragments coding from human MuSK Ig1/2 domain-
contained amino acid residues (22-212) (Stiegler et al., 2006) and
CRD-contained amino acid residues (313-494) (Stiegler et al.,
2009) were generated by PCR method using human MuSK cDNA
(OriGene Technol.,, USA) as a template. Expression constructs were
generated in pcDNA3.3-TOPO (Invitrogen, USA) with DNA fragments
ligated to the synthetic mouse trypsin prepro sequence followed by 7
histidines tagged at the N-terminus. Human embryonic kidney
(HEK) 293F cells (Invitrogen, USA) were transiently transfected
with these constructs according to the instructions (FreeStyle™293
Expression System, Invitrogen, USA), and the cultured supernatants
were harvested for 4 days after transfection. Clarified supernatants
were directly loaded onto a HisTrap HP column (GE Healthcare,
USA) equilibrated with 0.1 M Tris-Cl, 0.5 M NaCl, 20 mM Imidazole,
pH 7.4. After the column was washed with the equilibration buffer,
Ig1/2 and CRD proteins were eluted with linear gradient of Imidaz-
ole. Purity of Ig1/2 and CRD proteins was analyzed by sodium
dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
(Invitrogen, USA) and Western blotting using mouse anti-human
monoclonal antibodies (ab86456 for Ig1/2 and ab55549 for CRD.
Abcam, USA).

2.3. Western blot analysis

Either Ig1/2 domains or CRD of MuSK at an amount of 5 pg/lane
was subjected to 12.5% SDS-PAGE under reducing conditions with
dithiothreitol. Proteins were transfected onto a polyvinylidene
difluoride membrane and were then cut into strips. The antibody de-
tection was performed by using Immun-Blot® Assay Kit (Bio-Rad
Lab., USA). In brief, after blocking with Tris buffered saline con-
taining 3% gelatin for 1 h, each strip was incubated with the serum
sample which was diluted from 1:100 to 1:1000 and with a
1000-fold-diluted each mouse anti-human monoclonal antibody
(used for the confirmation of purified recombinant protein) at
room temperature for 1 h. After 30 min-incubation with 3000-fold-
diluted goat anti-human IgG or anti-mouse IgG conjugated with al-
kaline phosphatase (AP), specific reactivity was estimated by the in-
tensity with which each strip was stained with AP color development
solution. The 22 kDa and 38 kDa immunostained bands were visual-
ized for MuSK Ig1/2 and CRD monoclonal antibodies, respectively.
When the serum sample showed the immunostained band at the
same migration position as that proved with the test monoclonal an-
tibody in the serum dilutions more than 1:500, the result was judged
as antibody-positive.

3. Results

In the study collecting the serum samples from 43 anti-AChR-
negative MG patients, 10 patients were negative for MuSK anti-
bodies determined by both the standard RIA and the present study
(group 3 in Table 1). All of the remaining 33 patients positive for
MuSK antibodies determined by RIA were positive for MuSK Ig1/2
antibodies (groups 1 and 2 in Table 1); 10 patients of them (30%)
were additionally positive for MuSK CRD antibodies (group 1 in
Table 1). None was positive for MuSK CRD antibodies alone. Ten dis-
ease controls (anti-AChR-positive MG; group 4 in Table 1) and 10
healthy volunteers were all negative for MuSK Ig1/2 and MuSK
CRD antibodies as well as for standard RIA-determined MuSK anti-
bodies. The disease severity (MGFA grades) and clinical symptoms
in each group showed that a trend was noted toward severe severity
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Table 1
Clinical and immunological profiles of 53 myasthenia gravis (MG) patients,
Groups (numbers of patients) 1(10) 2(23) 3(10) 4 (10)
Age at onset (years) 22-75 6-80 20-65 18-70
Gender F8M2 F15/M8 F7/M3 F8M2
Antibodies against
* MuSK 1g1/2 domains Positive Positive ~ Negative Negative
(immunoblot)
» MuSK CRD (immunoblot) Positive Negative Negative Negative
« Full-length of MuSK extracel- 6.08~- 532~ <0.05 nM <0.05 nM
lular segment, determined by 13140 nM  45.75 nM
standard RIA (control,
<0.05 nM)
» AChR, determined by standard <0.2 nM <02nM <02nM 56~
RIA (control, <0.2 nM) 77.0 nM
MG severity (MGFA grades)
Ila 0 3 4 0
1b 0 7 2 3
Mla 0 2 4 6
b 4 1 0 1
IVa 0 0 0 0
Vb 0 0 0 0
\ 6 10 0 0
Clinical symptoms
Facial/bulbar weakness 10 20 2 4
Respiratory crisis 5 10 0 0
Neck weakness 5 2 0 0
Ophthalmoplegia 9 21 10 10
Limb weakness 6 13 10 7

F: female. M: male. MuSK: muscle-specific tyrosine kinase (ig1/2 domains:
immunoglobulin-like 1 and 2 domains; CRD: cysteine-rich domain). AChR: acetylcholine
receptor. RIA: radioimmunoassay. MGFA: Myasthenia Gravis Foundation of America. Fig-
ures in MG severity and clinical symptoms indicate numbers of the patients subject to
each itemn.

in anti-MuSK-positive MG (groups 1 and 2 in Table 1). However,
there was no significant correlation between the positive (group 1
in Table 1)/negative (group 2 in Table 1) results from MuSK CRD an-
tibody determination and the MGFA grades (Wilcoxon test, p=
0.0747). Representative immunoblots are shown in Fig. 1: C corre-
sponding to group 1 and D corresponding to group 2 in Table 1. No
immunostained band for MuSK Ig1/2 and MuSK CRD was seen with
the serum from an anti-AChR-positive MG patient (B corresponding
to group 4 in Table 1). The antibody specificity was confirmed by the
same migration positions as those of purified, CBB-stained recombi-
nant proteins (A in Fig. 1).

4. Discussion

This brief report shows that MuSK antibodies in a part of MG pa-
tients recognize not only the main immunogenic site(s) (Ig1/2 do-
mains) responsible for the agrin signaling (McConville et al., 2004)
but also the CRD responsible for the Wnt signaling (Stiegler et al.,
2009). However, it remains to study as to whether the antibody het-
erogeneity could correlate with disease activity or characteristics.

Recent studies highlight Wnt involvement in critical aspects of
the NM] function and structure (Korkut and Budnik, 2009; Wu et
al.,, 2010). Wnts 11 (Jing et al,, 2009; Zhang et al,, 2012), 9a (Zhang
et al, 2012), 4 (Strochlic et al, 2012) and 3 (Henriquez et al,,
2008), which are released from neurons or derived from muscles,
bind to MuSK CRD and contribute to the AChR clustering via the
Dvl-mediated noncanonical Wnt signaling cascade (Luo et al,
2002; Korkut and Budnik, 2009; Wu et al, 2010; Zhang et al,
2012). Therefore, the Wnt-Dvl signaling via MuSK CRD converges
upon the agrin-Lrp4 signaling via MuSK Ig1/2 domains, and both
contribute to AChR clustering. Therefore, our results suggest that
MuSK CRD antibodies could be involved in impairment of the Wnt-
MuSK interaction, suggesting a diversity to MuSK-implicated patho-
physiology in MG.

Reportedly, the inhibited MuSK-Dvl interaction decreases the
frequency of spontaneous synaptic currents (SSC) in association
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Fig. 1. Inmunoblots of purified recombinant proteins of human MuSK extracellular segment (1g1/2: immunoglobulin-like 1 and 2 domains; CRD: cysteine-rich domain) and immu-
nostained reactivity with serum samples (1:500 dilution) from myasthenia gravis patients at 5 pig of recombinant protein/lane. A: Identification of purified, CBB-stained recombi-
nant proteins (Ig1/2 domains: 1250 ng/lane; CRD: 2240 ng/lane). B: No reactivity was found for Ig1/2 domains and CRD with the serum from a 58 year-old man who was positive
for AChR antibodies (9.8 nM), negative for MuSK antibodies (<0.05 nM) and MGFA-graded Illb. C: Reactivity was found positive for both Ig1/2 domains and CRD with the serum
from a 78 year-old woman who was negative for AChR antibodies (<0.2 nM), positive for MuSK antibodies (131.40 nM) and MGFA-graded V. D: Reactivity was found positive for
Ig1/2 domains but negative for CRD with the serum from a 72 year-old man who was negative for AChR antibodies (<0.2 nM), positive for MuSK antibodies (45.75 nM) and
MGFA-graded V. MuSK antibody titers shown in the parentheses were determined by the standard radioimmunoassay (RIA) (control,<0.05 nM). AChR antibody titers in the paren-

theses were also determined by conventional RIA (control, <0.2 nM).

with the decreased SSC amplitude in the NM], suggesting a defect in
ACh release upregulation which may reflect retrograde Wnt signal-
ing at the nerve terminal (Luo et al., 2002). The antibody-induced
disturbance in bidirectional Wnt signaling via MuSK may, at least
in part, be compatible with presynaptic abnormalities including the
absence of ACh release upregulation to compensate for postsynaptic
failure found in anti-MuSK-positive MG patients (Niks et al., 2010)
and animal models (Cole et al., 2008; Richman et al., 2011; Klooster
et al, 2012; Mori et al., 2012; Viegas et al., 2012).

We demonstrated that MuSK antibodies have heterogeneity in
their binding to functional domains of MuSK. However, the present
results cannot be informative to the significant difference in disease
activity in MG patients who are MuSK 1g1/2 antibody-positive versus
MuSK Ig1/2 and CRD antibody-positive. To establish the significance
of MuSK CRD antibody specificity, the future studies need to include
larger numbers of well-characterized patients, cell-based antibody
assay, and passive and active immunization models.
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Abstract

Background: Human T lymphotropic virus type | (HTLV-)-associated myelopathy/tropical spastic paraparesis (HAM/TSP)
is a chronic myelopathy characterized by motor dysfunction of the lower extremities and urinary disturbance.
Immunomodulatory treatments are the main strategy for HAM/TSP, but several issues are associated with long-term
treatment. We conducted a clinical trial with prosultiamine (which has apoptotic activity against HTLV-I-infected cells)

as a novel therapy in HAM/TSP patients.

Methods: We enrolled 24 HAM/TSP patients in this open-label clinical trial. Prosultiamine (300 mg, orally) was
administered once daily for 12 weeks. We monitored changes in the motor function of the lower extremities and urinary
function as well as copy numbers of the HTLV-I provirus in peripheral blood mononuclear cells (PBMCs).

Results: Improvement in the motor function of the lower extremities based on a reduction in spasticity (for example,
decrease in time required for walking and descending a flight of stairs) was observed. In an urodynamic study (UDS),
bladder capacity and detrusor pressure and then maximum flow rate increased significantly. Detrusor overactivity and
detrusor-sphincter dyssynergia improved in 68.8% and 45.5% of patients observed at pretreatment, respectively.
Improvement in UDS corresponded with improvements in the score of nocturia-quality of life questionnaire. HTLV-I
proviral copy numbers in PBMCs decreased significantly (approximately 15.4%) compared with pretreatment levels.

Conclusions: These data suggest that prosultiamine can safely improve motor dysfunction of the lower extremities and
urinary disturbance as well as reduce HTLV-| provirus levels in peripheral blood. It therefore has potential as a new
therapeutic tool for HAM/TSP patients.

Trial registration: University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR) number,
UMINOOO005969.

Please see related commentary: http//www bicmedcentral.com/1741-7015/11/183.
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Background

Human T lymphotropic virus type I (HTLV-I) infects
approximately 10 to 20 million people worldwide, mainly
in large endemic areas such as southern Japan, the
Caribbean, Central and South America, the Middle East,
Melanesia, and equatorial regions of Africa [1,2]. HTLV-1 is
a human retrovirus and the causative agent of adult Tcell
leukemia and HTLV-I-associated myelopathy/tropical
spastic paraparesis (HAM/TSP) [3,4]. HAM/TSP is a
chronic progressive myelopathy characterized by bilateral
pyramidal tracts involved with sphincteric disturbances [5].
Only a small proportion of HTLV-I-infected individuals
develop HAM/TSP. However, the main neurological
symptoms (for example, motor dysfunction of the
lower extremities accompanied by urinary disturbance)
are progressive and lead to a deterioration in the quality of
life (QoL) of patients once the myelopathy develops.
Therefore, novel and safe therapeutic regimens are needed
for HAM/TSP patients to use as treatment, or to prevent
disease progression.

The primary neuropathological feature of HAM/TSP
is chronic inflammation in the spinal cord caused by
high HTLV-I proviral load in peripheral blood. Immuno-
modulatory therapy such as corticosteroid hormones
and interferon (IFN)ax has been the main treatment
administered to HAM/TSP patients to date [6]. Although
these treatments have produced good results in the short
term, their overall efficacy is controversial [6,7]. In addition,
it is not known if these treatments can be tolerated
as a long-term or lifelong treatment against HAM/TSP, or
whether they are necessary in the therapeutic strategy
against HAM/TSP. When treating HAM/TSP, the optimal
treatment is elimination of HTLV-I-infected cells from
peripheral blood because HTLV-I-infected CD4" T cells
are the first responders in the immunopathogenesis of
HAM/TSP [8].

(N-[(4-amino-2-methyl-5-pyrimidinyl) methyl]-N-[4-
hydoxy-1-methyl-2-(propyldithio)-1-butenyl]-formam-
ide) is known as prosultiamine and as Alinamin®. It is a
product of Takeda Pharmaceutical Company Limited
(Osaka, Japan). Prosultiamine is a homolog of allithiamine,
which was originally synthesized from thiol-type vitamin
Bl and allicin [9]. For stability in the blood and efficient
access of vitamin Bl to tissues, prosultiamine was devel-
oped after allyl disulfide derived from allicin was substituted
with propyl disulfide in the structure of allithiamine [10].
Importantly, prosultiamine is pharmacologically stable and
is readily available for the treatment of Wernicke’s enceph-
alopathy and polyneuropathy induced by deficiency of vita-
min Bl. Moreovey, it has been shown to be safe for use in
Japan. Therefore, this drug could be utilized immediately
for conducting clinical trials in individuals with HAM/TSP.

Recently, we demonstrated that prosultiamine can
induce the caspase-dependent apoptosis of HTLV-I-
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infected cells through disruption of intracellular redox
reactions by a disulfide moiety in its structure [11].
Based on these data, we undertook a clinical trial based
on the intravenous administration of prosultiamine
in HAM/TSP patients with the purpose of targeting
HTLV-I-infected cells [11]. We found that prosul-
tiamine administration for 2 weeks was safe and
induced clinical improvement. Examples of such im-
provement included a decrease in (i) spasticity of the
lower extremities and (ii) levels of HTLV-I provirus in
peripheral blood mononuclear cells (PBMCs) to 30% to
50% of pretreatment levels.

As mentioned above, we do not know if prosultiamine
can be tolerated as a long-term treatment against
HAM/TSP or indeed if it is necessary in the therapeutic
strategy against HAM/TSP. Therefore, in the present
study, we administered prosultiamine via the oral route
for 12 weeks in subjects with HAM/TSP. We found that
such treatment could result in (i) improved motor func-
tion in the lower extremities based on a decrease in spas-
ticity, (ii) appreciable amelioration of associated urinary
disturbance, and (iii) a decrease in the level of HTLV-I pro-
virus in peripheral blood.

Methods

Ethical approval of the study protocol

This study protocol was approved by the clinical studies
review boards of Nagasaki University Hospital (Nagasaki,
Japan). The clinical trial was registered in the University
Hospital Medical Information Network Clinical Trials
Registry (UMIN-CTR) UMINO00005969. Written informed
consent was obtained from all patients enrolled in the study
for both participation in the study, and for inclusion of
personal data as shown in Table 1.

Patients

We enrolled 24 HAM/TSP patients (17 women and 7 men;
31 to 80 years (mean + SD; 60.1 + 11.2 years)) who fulfilled
criteria described previously [12]. The duration of illness
was 3 to 51 years (mean + SD; 20.9 + 12.1 years). Motor
function scores were rated from 0 to 13 according to the
motor disability score described by Osame et al. [13].
Concomitant therapies such as immunomodulators
and drugs for the neurogenic bladder were continued
on the condition that the dose was kept constant during the
study period. Intermittent self-catheterization with regard
to voiding was noted except in cases 7, 8, 10, 17, 21, 22, and
24. Patient profiles are shown in Tables 1 and 2.

Study design

Treatment protocol

Prosultiamine was imported from Ildon Pharmaceutical
Co., Ltd (Seoul, South Korea). Capsulated prosultiamine
(300 mg, orally) was administered once daily for 12 weeks.
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Table 1 Profile of HAM/TSP patients enrolled and improvement of motor function in the lower extremities 12 weeks after treatment

Age (years)  Sex Duration of Concomitant therapy Intermittent self- OMDS? Spasticity of the lower extremities
illuness (years) catheterization
Case no. Immunomodulator  Drug for neurogenic bladder
Anticholinergic a1 blocker Before After Before Improvement®
treatment treatment treatment

1 80 Female 23 No Yes Yes 6 6 Yes Yes
2 64 Female 16 No Yes Yes 6 6 Yes Yes
3 57 Male 51 PSL/ IFN-a Yes Yes 6 6 Yes Yes
4 51 Female 36 No Yes Yes 9 9 Yes Yes
5 67 Female 3 No Yes 3 3 No

6 61 Female 30 No Yes 5 5 Yes Yes
7 68 Female 12 No Yes No 4 4 Yes Yes
8 64 Male 11 PSL Yes No 5 5 Yes No
9 66 Male 23 PSL Yes Yes 9 9 Yes Yes
10 76 Male 23 No No 6 6 Yes Yes
11 53 Female 7 No Yes 6 6 Yes No
12 62 Female 12 PSL Yes Yes 4 4 No

13 44 Female 22 No Yes 6 6 Yes No
14 56 Male 10 No Yes Yes 5 5 Yes Yes
15 71 Female 45 No Yes Yes 9 9 No

16 78 Female 18 No Yes Yes 5 5 Yes Yes
17 50 Female 19 No No 5 5 Yes Yes
18 63 Female 29 No Yes Yes 8 8 Yes Yes
19 62 Female 9 PSL Yes Yes 8 8 Yes No
20 60 Female 34 No Yes Yes 2 1 No

21 46 Female 26 PSL Yes No 2 1 Yes Yes
22 31 Female 7 No Yes No 4 3 Yes Yes
23 56 Male 18 No Yes 10 10 No

24 56 Male 16 IFN-a No 2 2 Yes Yes

Remarks  mean + SD; mean =+ SD; % improvement:
60.1 £ 11.2 209 + 121 789 (P = 0.0003)

20Osame’s motor function score (OMDS) was rated from 0 to 13 according to the disability grade [13].
Plmprovement in spasticity of more than 1 grade according to the modifiedAshworth scale [14].

SStatistical significance was determined by the McNemar test.
IFNa interferon a, PSL prednisolone.
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Table 2 Improvement of motor function in the lower extremities and urinary function 12 weeks after treatment

Time required to walk 10 m (sec)

Time required to walk downstairs (sec)

Detrusor overactivity

Detrusor-sphincter dyssnergia

Case no. Before After % Before After % Before After Before After
treatment treatment improvement treatment treatment Improvement treatment treatment treatment treatment

1 26.5 216 185 N.E. No No No No
2 155 9.8 36.8 N.E. Yes No No No
3 15 105 8.7 86 77 105 Yes No Yes Yes
4 N.E. N.E. Yes No Yes Yes
5 53 49 75 38 37 26 No No Yes No
6 59 6.2 =51 4.1 42 -24 No No Yes No
7 89 95 -6.7 9.2 79 14.1 No No No No
8 126 133 -56 9.5 86 9.5 Yes No Yes Yes
9 N.E N.E Yes No No No
10 20 251 -255 N.E. No No No No
1 295 325 -10.2 N.E. Yes No Yes Yes
12 6.6 6.9 ~45 44 43 2.3 Yes No Yes No
13 228 213 6.6 NE. Yes No No No
14 154 113 266 143 114 203 No No No No
15 N.E. N.E. N.E. Yes No No No
16 137 209 —526 NLE. Yes Yes Yes Yes
17 133 115 135 100 73 27 Yes Yes No No
18 N.E. NE. Yes Yes No No
19 N.E. N.E Yes Yes Yes No
20 6.9 57 174 45 35 222 No No No No
21 5.7 4.1 28.1 36 35 28 Yes No No No
22 103 6.8 34 94 44 532 Yes Yes Yes Yes
23 N.E. N.E No No Yes No
24 45 43 44 32 34 -6.3 Yes No No No

Remarks % improvement: % improvement:

6838 (P = 0.0094)

455 (P = 00736)°

®Statistical significance was determined by the McNemar test. N.E; not evaluated because of high OMDS.
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Assessment of effect

Neurological assessment

We monitored changes in neurological signs, motor
disability scores, time required for walking 10 m, and
time required for walking down a flight of stairs at 4-week
intervals. Spasticity of the lower extremities was graded
using the modified Ashworth scale (MAS) [14].

Urological assessment

Subjective symptoms were evaluated using the scores of
the Nocturia Quality of Life (N-Qol) questionnaire
[15-17] at 4-week intervals. The N-QoL questionnaire
comprised 13 items and dealt with daytime energy, worry,
productivity, sleep, and vitality. The total score ranged
from O (poorest QoL) to 100 (best QoL). The Duet® Logic
G2 system (Mediwatch UK Ltd., Rugby, UK) was used for
the urodynamic study (UDS). Bladder capacity, detrusor
pressure, maximum flow rate, detrusor overactivity (DO)
and detrusor-sphincter dyssynergia (DSD) were evaluated
by UDS.

Quantification of HTLV-I proviral load

For quantitative analyses of HTLV-I proviral loads, real-
time quantitative polymerase chain reaction (RT-qPCR) was
carried out in a Light-Cycler® FastStart DNA Master (Roche
Diagnostics, Mannheim, Germany) based on fluorescence
detection with SYBER® Green, as described previously [11].
Briefly, genomic DNA samples from PBMCs from HAM/
TSP patients were prepared using a Genomic DNA Extrac-
tion kit (Wako Pure Chemical Industries, Ltd., Osaka,
Japan) and were subjected to RT-PCR in a LightCycler PCR
system using Tax-specific primers, that is, forward primer
(5'- AAACAGCCCTGCAGATACAAAGT-3’) and reverse
primer (5"-ACTGTAGAGCTGAGCCGATAACG-3"),
as well as B-actin-specific primers, that is, forward primer
(5'-GCCCTCATTTCCCTCTCA-3") and reverse primer
(5"-GCTCAGGCAGGAAAGACAC-3"). The PCR con-
dition for Tax was 40 cycles of denaturation (95°C, 15 s),
annealing (55°C, 5 s), extension (72°C, 10 s). That for
B-actin was 32 cycles of denaturation (95°C, 15 s),
annealing (62°C, 5 s), and extension (72°C, 15 s). The
HTLV-I proviral load per 10,000 cells was calculated
according to the following formula: (copy number of Zax)/
(copy number of B-actin/2) x 10,000

Statistical analyses

The Wilcoxon signed-rank test was used for statistical
analyses of the change of HTLV-I proviral copy numbers
and on the N-QoL scores or the urodynamic study
except for DO and DSD. The McNemar test was used
for statistical analyses of improvement of spasticity, DO
and DSD. JMP 10 (SAS Institute Inc., Cary, NC, USA)
was used as the software for statistical analyses. P< 0.05
was considered significant.
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Results

Improvement of motor function of the lower extremities
Improvement in Osame’s motor function score (OMDS)
was observed in three patients during treatment (Table 1).
After 12 weeks of treatment, improvement of more
than 1 grade of the degree of spasticity (evaluated according
to MAS) was observed in 15 of 19 patients in whom
spasticity of the lower extremities was observed before
treatment (% improvement; 78.9, P = 0.0003, McNemar
test) (Table 1). In time required for walking 10 m in 18
ambulatory patients, the decrease ranged from 4.4% to
36.8% was observed in 11 patients although the increase
ranged from 4.5% to 52.6% was observed in 7 patients
(Table 2). In time required for walking down a flight of
stairs in 12 patients, the decrease ranged from 2.3% to
53.2% was observed in 10 patients although the increase
of 2.4% or 6.3% was observed in 2 patients (Table 2).

Improvement in urinary function

The conserved overall score of the N-QoL questionnaire
was significantly improved, with a significant improvement
of subscale scores at 12 weeks post treatment (Table 3). We
compared urinary function by UDS at pretreatment with
that at 12 weeks after treatment initiation. Bladder capacity
and detrusor pressure were significantly increased from
341.3 (SD 127.2) ml to 391.0 (SD 139.9) ml (P = 0.0097),
and 16.8 (SD 15.6) cm/H,0 to 27.5 (SD 15.3) c¢m/H,0
(P = 0.0001), respectively, by this treatment (Figure 1a,b).
As analyzed in 18 patients whose own voiding function was
partially reserved, the maximum flow rate was increased
significantly from 7.5 (SD 6.2) ml/s to 10.2 (SD 5.6) ml/s
(P = 0.0139) (Figure 1c). Moreover, DO improved in
68.8% (11 of 16 patients observed at pretreatment) by
this treatment (P = 0.0094, McNemar test) (Table 2). DSD
also improved in 45.5% (5 of 11 patients observed at
pretreatment) 12 weeks after the start of treatment
(P = 0.0736, McNemar test) (Table 2).

Decrease in HTLV-I proviral copy numbers in PBMCs

We monitored changes in copy numbers of the HTLV-I
provirus in PBMCs at pretreatment as well as 4, 8, and
12 weeks after treatment commencement (Figure 2a).
HTLV-I proviral copy numbers in 10* PBMCs decreased
gradually from 2,127 (SD 1,932) at pretreatment to 1,961
(SD 1,692) (P = 0.2776, vs pretreatment), 1,845 (SD 1,693)
(P = 0.0152, vs pretreatment) and 1,799 (SD 1,676)
(P = 0.0207, vs pretreatment) at 4, 8, and 12 weeks
after treatment, respectively. The level of HTLV-I
proviral copy numbers 12 weeks after treatment decreased
significantly (approximately 15.4%) from pretreatment
levels. Figure 2b shows the changes in HTLV-I proviral
copy numbers in each case between pretreatment and
12 weeks after treatment commencement. A decrease
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Table 3 Changes in N-QoL scores after 12 weeks treatment with prosultiamine

Question Before treatment After treatment Pvalue
Q1 Concentration 06+10 03+16 01235
Q2 Low in energy 09+ 1] 04 =06 0.0077
Q3 Sleep during the day 1.5+14 1.0+ 1.1 00229
Q4 Productiveness 0709 03+06 0.0830
Q5 Physical activities 10+12 05+08 0.0505
Q6 Fluid restriction 08=+12 07 +09 0.3270
Q7 Inadequate sleep at night 16£15 07+10 0.0070
Q8 Disturbance of others 08=+19 05+18 0.0277
Q9 Preoccupation with waking at night 06+ 1.1 03+06 0.1235
Q10 Worry over condition worsening 1515 08+ 1.1 0.0032
Q11 Worried over treatment options 15216 10£13 0.0303
Q12 Overall bother 13+£13 08+08 0.0238
Q13 Overall impact on everyday life 26+28 09+£10 0.0023
Converted overall score (Q1 to 12) 732+ 210 853+ 199 0.0001
Subscale scores:

Sleep/Energy (Q1 t05, 7) 740 £ 20.7 870+ 150 0.0001
Bother/Concern (Q6, Q8 to12) 724 + 257 837 +212 0.0028

Subjective symptoms were evaluated using the scores of the Nocturia Quality of Life (N-Qol) questionnaire [15-17]. The score ranges of each question except Q13 are from
0 to 4. The score of Q13 is from 0 to 10. Converted overall score (0-100) = 100 X total converted scores (Q1 to 12)/4 x question numbers, converted score = 4-each raw
score. Subscale score (0 to 10) = 100 X total converted scores/4 X question numbers. Statistical significance was determined by the Wilcoxon signed-rank test.
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Figure 1 Change in bladder function as evaluated by urodynamic study. Bladder capacity (a) and detrusor pressure (b) increased significantly
12 weeks after prosultiamine treatment. Maximum flow rate (c) increased significantly 12 weeks after prosultiamine treatment as assessed in 18
patients whose voiding function alone was partially reserved. Statistical significance was determined by the Wilcoxon signed-rank test.




