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Table I. Therapeutic trials in HAM/TSP patients (Quotation from [51])

A Therapies focusing on immunomodulatory effects

1) corticosteroid hormone
2) blood purification

3) pentoxifylline

4) heparin

6) intermittent high-dose vitamin C
7) fosfomycin and erythromycin
8) fermented milk drink

Effects
a) suppression of immune activation, particularly for activated HTLV-l-infected cells
b) inhibition of transmigration of activated HTLV-I-infected cells to the spinal cord
¢) reduction of chronic inflammation in the spinal cord

Therapies

5) high dose-intravenous gamma globulin

B. Therapies focusing on anti-viral effects

1) interferon-ot and -p
2) reverse transcriptase inhibitors
3) humanized anti-Tac

5) prosultiamine

Effects
a) suppression of HTLV-| expression and/or replication
b} inhibition of proliferation of HTLV-l-infected cells
¢) elimination of HTLV-I-infected cells

Therapies

4) histone deacetylase enzyme inhibitor

sphincteric disturbance [19,23,58]. The primary patho-
logical feature of HAM/TSP is chronic myelitis charac-
terized by chronic inflammation in the spinal cord,
mainly the lower thoracic cord, with perivascular
cuffing and parenchymal infiltration of mononuclear
cells [28]. With the discovery of HAM/TSP, it has
become evident that HTLV-l has the remarkable
capacity for not only aggressive lymphoproliferation,
as in adult T-cell feukaemia (ATL), but also profound
chronic inflammation. However, the exact mechanisms
by which HTLV-l causes these disparate clinical condi-
tions, an aggressive lymphoproliferative malignancy on
the one hand and chronic neuroinflammation on the
other, are still unknown. Also, although HTLV-l infects
approximately 10-20 million people worldwide [10],
with large endemic areas in southern Japan and the
tropical zone [23] as described above, it is still unclear
why only a very small proportion of HTIV-l-infected
individuals develop either of these HTLV-l-associated
diseases.

Although the molecular mechanisms by which
HTLV-l infection induces the chronic inflammation in
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the spinal cord still remain unresolved, a long-stan-
ding bystander mechanism, such as the destruction
of surrounding tissues by the interaction between
HTLV-l-infected CD4* T cells and HTLV-I-specific CD8"
cytotoxic T cells (CTL), is probably critical in the patho-
genesis of HAM/TSP [25,60]. That is, chronic inflam-
mation, induced by soluble factors, such as inflam-
matory cytokines released during the encounter
between transmigrated HTLV-l-infected CD4* T cells
and HTLV-l-specific CD8* CTL in the spinal cord, is
operative (Fig. 1). In a point of view on the virological
abnormalities in HAM/TSP, it is well known that the
HTLV-! proviral load in the peripheral blood is signi-
ficantly higher in HAM/TSP patients than HTLV-
asymptomatic carriers, and high HTLV-I proviral load
in the peripheral blood is the most important pre-
requisite in the development of HAM/TSP [31,47]. On
the other hand, numerous immunological dysregu-
lations mostly mediated by HTLV- tax expression are
detected in the peripheral blood of HAM/TSP patients
{5,50]. Therefore, when considering the immunopatho-
genesis of HAM/TSP, it is plausible that the increase
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of HTLV-l-infected CD4* T cells possessing up-regu-
lated transmigrating activity to the spinal cord plays
an important role in the development of HAM/TSP
because HTLV-l-infected CD4* T cells are the first res-
ponders.

Since the discovery of HAM/TSP, more than 20
years have passed. During that period, numerous the-
rapeutic approaches have been proposed and tested
on various aspects of HAM/TSP [51]. Based on the
evidence, such as the involvement of the immune-
activated status in the immunopathological process
in the spinal cord of HAM/TSP patients as mentioned
above, immunomodulatory therapy has been the
main treatment administered to HAM/TSP patients.
Although these treatments have produced good
results, their overall efficacy is still controversial. In
addition, whether or not these treatments can be
tolerated as a long-term or lifelong treatment is
uncertain. Viewed within the context that HAM/TSP
is an infectious disease, treatment should primarily
target HTLV-l-infected cells in the peripheral blood.
Therefore, the therapeutic strategy for HAM/TSP
should focus on the suppression of HTLV-| expression
and/or replication, the inhibition of the proliferation
of HTLV-l-infected cells, and/or the elimination of
HTLV-l-infected cells. Of these, the ideal treatment is,
most importantly, the elimination of HTLV-l-infected
cells from the peripheral blood.

In this review, the focus will be on the role of HTLV-
l-infected CD4* T cells as activated Thi cells in the
immunopathogenesis of HAM/TSP, and on the thera-
peutic strategies aimed at targeting the elimination
of HTLV-I-infected cells in HAM/TSP patients.

The role of HTLV-l-infected CD4* T cells
as activated Thi cells
in the immunopathogenesis of HAM/TSP

Activated Th1 status in HAM/TSP patients

Helper T cells are generally divided into two distinct
populations, Th1 and Th2, based on their cytokine-pro-
duction profiles [44, 64]. The differentiation to the
former or the latter induces cell-mediated immunity or
humoral immunity, respectively. Interferon-y (IFN-y) or
interleukin-4 (IL-4) are important cytokines for the
differentiation to Thl or Th2, respectively [44,64]. We
have previously reported up-regulated mRNA expression
of IFN-y concomitant with tumour necrosis factor-ol
(TNF-or), granulocyte-macrophage colony stimulating
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factor (GM-CSF), and IL-1a. in the peripheral blood
mononuclear cells (PBMC) of HAM/TSP patients [71].
We also demonstrated that the spontaneous pro-
duction of IFN-y, TNF-o. and GM-CSF, but not IL-4,
increased simultaneously in cultured peripheral blood
CD4", but not CD8', T cells of HAM/TSP patients {55].
These findings suggested that the Thl rather than the
Th2 cell population predominates in the peripheral
blood CD4* T cells of HAM/TSP patients. The predo-
minance of Thl activation in HAM/TSP patients is also
supported by the findings of both increased Thl with
decreased Th2 cytokine signalling activities [53] and
increased serum level of IFN-y [16]. It has also been
reported that intracellular IFN-y/IL-4" cell ratio in the
peripheral blood CD4* T cells is increased in HAM/TSP
patients [24].

HTLV-l-infected CD4* T cells in the
peripheral blood have characteristics
of Thi cells in HAM/TSP patients

We previously reported, in the analyses of Thl
signalling molecules, that there was a positive corre-
lation between IL-12 receptor B2, which is a reliable
marker of Thl cells [20], and HTLV-I tax mRNA expres-
sion in the peripheral blood of HAM/TSP patients but
not anti-HTLV-l-antibody positive carriers, suggesting
that HTLV- tax expression is connected with Thl
activation in HAM/TSP patients [53). Hanon and asso-
ciates showed that the HTLV-1 tax expression in short-
term cultured peripheral blood is associated with rapid
up-regulation of IFN-y in HTLV--infected individuals
{21]. More recently, Furukawa and colleagues clearly
demonstrated, in a comparative study of intracellular
cytokine expression levels in HAM/TSP patients and
HTLV-l asymptomatic carriers with a high HTLV-
proviral load equivalent to those of HAM/TSP patients,
the abundance of IFN-y- and TNF-y-producing cells in
the HTLV-| tax-expressing cell population, but not tax-
non-expressing cells, in HAM/TSP patients [15]. HTLV-I
proviral load in the peripheral blood is significantly
higher in HAM/TSP patients than HTLV-l asymptomatic
carriers, as mentioned before. Therefore, these findings
strongly suggested that HTLV-linfected cells having
the characteristics of Thl are increased in HAM/TSP
patients, compared to HTLV- asymptomatic carriers,
leading to activated Thl status in the immunological
balance between Th1 and Th2 in the peripheral blood of
HAM/TSP patients.
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Exaggerated transmigrating activity
of peripheral blood HTLV-I-infected CD4*
T cells in HAM/TSP patients

in order to trigger the bystander mechanism, the
transmigration of peripheral blood HTLV-l-infected CD4*
T cells to the spinal cord s, at first, necessary. Accot-
dingly, we found that the transmigrating activity of
peripheral blood CD4* T cells of HAM/TSP patients was
significantly higher than that of either HTLV--sero-
positive carriers or HTLV-l-seronegative controls through
a reconstituted basement membrane (RBM), using
Transwell cell-cutture chambers [17]. Subsequently, we
found that HTLV-l proviral load in transmigrated CD4*
T cells from HAM/TSP patients was significantly higher
than in non-transmigrated CD4* T cells. By contrast, no
significant difference was found in HTLV-| proviral load
in transmigrated and non-transmigrated CD4* T cells

from HTLV-l-seropositive carriers. These results strongly .

suggested that peripheral blood CD4* T celis of
HAM/TSP patients, particularly HTLV--infected CD4* T
cells, have an exaggerated transmigrating activity with
the ability to accumulate in the tissues. Indeed, Nagai
and co-workers reported that HTLV-I proviral load in
cerebrospinal fluid (CSF) cells was significantly higher
than that of the matched PBMC in HAM/TSP patients
[48]. Interestingly, Lezin and colleagues also reported
that the percentage of HTLV-l-infected cells in CSF and
the CSF cell : PBMC HTLV-l proviral load ratio were
always > 10% and > 1, respectively, in HAM/TSP patients
but were always < 10% and < 1, in HTLV-| asymptomatic
carriers in a comparative study [39]. Therefore, HTLV--
infected CD4* T cells of HAM/TSP patients have the
potential to trigger the bystander mechanism in the
spinal cord by its accumulative activity through the
increased transmigrating activity. In addition, although
inflammatory diseases, such as Sjégren’s syndrome,
arthropathy, alveolitis, uveitis, interstitial cystitis and
polymyositis, occasionally occur in conjunction with
HAM/TSP, the increased transmigrating activity of
HTWV-lHinfected CD4* T cells to the tissues might be
involved even in the trigger of these inflammatory
diseases {50].

Cells having the potential to transmigrate
into tissues of HAM/TSP patients have
the characteristics of Thi cells

We suggested that the immunological status of
HAM/TSP patients is under systemic Thl activation,
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based on an increased number of HTLV-kinfected Thl
cells. On the other hand, we also suggested that HTLV-
[-infected CD4* T cells of HAM/TSP patients have an
exaggerated transmigrating activity with the ability to
accumulate in the tissues. Then, how do these situ-
ations connect with the trigger of the pathological
process in the spinal cords of HAM/TSP patients?

in the first step of T-cell transmigration into the
tissues, selectin and its ligands, which are expressed on
vascular endothelial cells (EC) and T cells, respectively,
play an important role [37]. Of these, sialyl Lewis*
antigen (sLe’) is a ligand for both E- and P-selectin [69].
Therefore, T cells expressing sLe* have the potential to
transmigrate into tissues. In addition, it was reported
that Thl cells, but not Th2 cells, can bind to E- and P-
selectin, indicating that each ligand, sle for each
selectin is a phenotypic markers of Thl cells [3]. We
compared the frequency of sle cells, together with
production of cytokines, such as IFN-y and IL-4 as Thl
and Th2 cytokine, respectively, in the peripheral blood
CD4* T cells between HAM/TSP patients and controls,
including anti-HTLV-I-seropositive carriers. In addition,
we also compared HTLV-I proviral load between sLe*
and sLex cell population in the peripheral blood CD4* T
cells of HAM/TSP patients {32]. We found that the
frequency of sLe* cells in the peripheral blood CD4' T
cells of HAM/TSP patients was significantly higher than
in controls, suggesting that the cells having the
potential to transmigrate into the tissues are increased
in the peripheral blood of HAM/TSP patients. When we
compared the activity of IFN-y production in the stex
cell population in the peripheral blood CD4* T cells
between HAM/TSP patients and controls, HAM/TSP pa-
tients had significantly increased activity as compared
to controls, suggesting that Thl cells of HAM/TSP
patients are obviously also under the activated status of
Thi function. Furthermore, when we compared the
activity of both IFN-y and IL-4 production between sLe*
and sLe* cell populations of the peripheral blood CD4*
T cells of HAM/TSP patients, IFN-y production was
significantly higher in the former than in the latter
population, but vice versa for IL-4 production. However,
there was no significant difference in the production of
both cytokines between sLex+ and sLe* cell populations
of the peripheral blood CD4* T cells in controls. These
findings suggest that the cells having the potential to
transmigrate into tissues have activated Thl function
and this cell population is increased in the peripheral
blood CD4* T cells of HAM/TSP patients. On the other
hand, what is the relationship between Thl function
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and HTLV-I infection in the peripheral blood CD4* T cells
of HAM/TSP patients? When we compared the HTLV-
proviral load between sLe and sLe* cell populations of
the peripheral blood CD4* T cells of HAM/TSP patients,
HTLVH proviral load in the sLe cell population was two-
to eight-fold higher than in the sLe* cell population,
indicating that HTLV-l-infected CD4* T cells are
concentrated in the cell population having the potential
to transmigrate into the tissues. Overall, our data
suggested that the cells having the potential to
transmigrate into the tissues have the characteristics of
Th cells and are constituted of HTLV-linfected cells
compared to the cells which lacked the potential to
transmigrate into tissues. Therefore, these findings
suggested that HTLV-l-infected sle cells in the
peripheral blood of HAM/TSP patients cells having the
potential to transmigrate into the tissues have the
characteristics of Thl cells and the increase of this cell
population plays a very important role in the triggering
of the development of the pathological process in the
spinal cords of HAM/TSP patients.

Involvement of p38 MAPK signalling
pathway for Thl activation
in the peripheral blood of HAM/TSP

Even if sLe® antigen is a ligand for the recruitment
of Thl cells into tissues [3, 36], HTLV-l tax protein can
up-regulate the expression of this antigen on HTLV-I-
infected cells [22], indicating that the characteristics
of Thi cells, such as up-regulated IFN-y expression,
are not explainable by only the expression of this
ligand in HTLV-l-infected status. Indeed, leukaemia
cells in patients with ATL and the related cell lines
strongly express this ligand [22,57]. In addition, the
pattern of chemokine receptor expression suggests
that ATL cells originate from Th2 or regulatory T cells
[76,77]. Although IFN-y expression is up-regulated in
HTLV-l-infected cells of HAM/TSP patients, it is still
not clear which intracellular signalling induces such
a status. Thus, what type of signalling molecule is
involved in Thi activation in HTLV-l-infected cells from
HAM/TSP patients?

Numerous signalling molecules are involved in the
regulation of IFN-y expression [45]. Since IFN-y (repre-
sentative Thl cytokine) expression in HAM/TSP patients
is spontaneously increased and not dependent on T cell
receptor (TCR) [55), we focused on p38 mitogen-acti-
vated protein kinase (p38 MAPK) because this signalling
pathway functions in TCR or signal transducers and
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activators of transcription 4 (STAT4) independently
[75,78]. We analyzed the relationship between IFN-y
expression and p38 MAPK activation in IL-2 dependent
HTLV-l-infected T cell lines derived from HAM/TSP
patients, compared to ATL patients [14]. Western blot
analysis revealed that phosphorylated (activated) p38
MAPK was detected in only cell lines derived from
HAM/TSP patients producing large amounts of IFN-y,
but not in cell lines derived from ATL patients producing
little IFN-y. To confirm whether p38 MAPK signalling
was functionally activated for IFN-y induction in cell
lines derived from HAM/TSP patients, we analyzed the
effect of a p38 MAPK-specific inhibitor, SB203580, on
spontaneous IFN-y production by these cell lines.
SB203580 suppressed dose-dependently, up to about
50%, IFN-y production by these cell lines, suggesting
that p38 MAPK signalling is involved in IFN-y expression
in HTWV-l-infected cells of HAM/TSP patients. Indeed,
this is supported by the fact that SB203580 significantly
suppressed spontaneous IFN-y production from peri-
pheral blood CD4* T cells of HAM/TSP patients, but not
control patients [14].

Thus, the p38 MAPK signalling pathway must be
involved, as one of the signalling pathways toward
the up-regulated IFN-y expression in HTLV-l-infected
cells, in Th1 activation in HAM/TSP patients. However,
the exact mechanisms by which this signalling is
activated in HTLV-linfected cells of HAM/TSP patients
are still unknown. In this regard, constitutive activation
of p38 MAPK signalling was observed in IL-2- depen-
dent HTLV-l-infected T cell lines derived from HAM/TSP
patients, but not ATL patients, suggesting that the
aberrant 1L-2 to p38 MAPK signalling induces con-
stitutive Thl activation for HTLV-l-infected cells of
HAM/TSP patients (unpublished data).

Therapeutic strategies for HAM/TSP

To date, numerous therapeutic approaches have
been presented on various aspects of HAM/TSP [51],
principally in two directions (Fig. 1 and Table 1), namely
immunomodulatory therapy and anti-viral therapy. Of
these, immunomodulatory therapies for the suppres-
sion of chronic inflammatory status based on immune-
activated status as mentioned above were mainly
performed in HAM/TSP patients. This strategy is mainly
directed to anti-inflammatory effects, such as (a) the
suppression of immune activation, particularly for
activated HTLV-l-infected cells, (b) the inhibition of the
transmigration of these cells to the spinal cord, and
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(c) the reduction of chronic inflammation in the spinal
cord, through the down-regulation of inflammatory
cytokines and/or adhesion molecules expression (Fig. 1
and Table 1). The regimens exhibit the effects also for
activated HTLV-I-non-infected cells, which are subse-
quently induced by the activation of HTLV-l-infected
cells. Of these, treatment with corticosteroid hormones,
such as prednisolone, is most popular [49]. However,
the efficacy of this treatment is still controversial
[19,33]. When considering the therapeutic strategies
in HAM/TSP, the primary target is the HTLV-[-infected
cells of the peripheral blood because HTLV-l-infected
CD4* T cells are the first responders in the immuno-
pathogenesis of HAM/TSPR

Interferon-o. and -p

[FN-ot and -B, which are type | IFNs, have a variety
of biological actions including anti-viral effects as well
as growth regulation and modulation of the cellular
immune response [7,34,68]. Therefore, treatment with
these regimens might be suitable for HAM/TSP be-
cause they can target the immunological dysregulation
based on high HTLV-l proviral load in the peripheral
blood.

IFN-0, has proven to be effective in a multicentre,
randomized, double-blind, controlled trial [29] and has
been approved as a therapeutic agent for HAM/TSP
by the Ministry of Health, Labour and Welfare in
Japan. In a controlled trial of IFN-o treatment agaihst
HAM/TSP, in about 70% of HAM/TSP patients treated
with 3.0 million international units of natural IFN-o.
human lymphoblastoid interferon (HLBI, Sumiferon)
(Sumitomo Pharmaceutical Co., Osaka, Japan) by
intramuscular injection, daily for 4 weeks, motor
dysfunction, even urinary disturbances in some
cases, improved, and its effectiveness continued for
4 weeks after discontinuation of therapy without
serious adverse effects. Previously, we had also demon-
strated similar efficacy of HLBI treatment among 17
HAM/TSP patients in an open trial [65]. In our trial,
the most striking change of the immunological
markers in the peripheral blood was the significant
decrease of spontaneous PBL proliferation in vitro
leading to the recovery of the response to lectin, such
as phytohaemagglutinin. Although spontaneous PBL
proliferation is one of the major immunological
abnormalities observed in vitro in patients with
HAM/TSP [27], the exact mechanisms are still unclear.
However, this phenomenon is thought to consist of
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the proliferation of HTLV-l-infected CD4* T cells and
the expansion of HTLV-l-specific CD8" CTL against
virus-expressing cells concomitant with the invol-
vement of aberrant signalling of both interleukin-2
(IL-2) and IL-15 [4,30]. It was reported that HTLV-i
proviral load and HTLV-l tax mRNA expression
correlated with the frequency of HTLV-I tax specific
CD8&* CTL in the peripheral blood of HAM/TSP patients
[46,74]. Therefore, IFN-o treatment might induce the
reduction of HTLV-l proviral load or HTLV-l tax mRNA
expression in the peripheral blood of HAM/TSP
patients. indeed, Saito and co-workers recently
reported that HTLV-I proviral loads in the peripheral
blood were significantly decreased, concomitant with
the reduction of memory T cells in CD8" T cells, after
IFN-ot treatment [63]. In addition, CXCR3* T cells (Thi
cells) were also significantly decreased by this
treatment. Thus, IFN-o treatment seems to also
induce the correction of Th1/Th2 imbalance, which
deviates toward Thl in HAM/TSP [50]. Other reports
also demonstrated that both the percentage of CCR5*
cells (Thl celis) in CD4* T cells and the ratioc of
intracellular IFN-y*/IL-4* T cells in the peripheral blood
were significantly decreased by IFN-at treatment [12].

On the other hand, the efficacy of treatment with
[FN-B1a, which has already been approved as a treat-
ment for multiple sclerosis [6], was also reported for
HAM/TSP {56]. This treatment induced an improve-
ment of motor dysfunction with the reduction of both
HTLV-I tax mRNA load and the frequency of HTLV-I-
specific CD8* CTL in the peripheral blood. Although
up-regulated expression of HTLV- tax itself in HTLV-I-
infected cells might be one of the important factors
for the development of HAM/TSP [2,74], IFN-Bla
treatment might be able to target this point. In addition,
the reduction of spontaneous PBL proliferation was
also observed, the same as it was in IFN-a treatment.
However, HTLV-I proviral load in the peripheral blood
remained unchanged. With regard to the change of
HTLV-! proviral load, the reasons for the discrepancy
between IFN-or and IFN-Bla treatment are unclear.
However, although IFN-o. treatment as mentioned
above induced a significant reduction of HTLV- proviral
load in the total study population, HTLV-I proviral load
was actually increased in about 30% of the total study
population [63], suggesting that anti-viral effects of
IFN are different among individuals.

High HTLV-I proviral load in the peripheral blood is
the most important prerequisite in the development
of HAM/TSP [31,47]. At the present time, the
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increased proliferation of HTLV-l-infected cells is
thought to play an important role mainly in the main-
tenance of high HTLV- proviral load in the peripheral
blood [5,9,72]. Neither IFN-ot nor IFN-B treatment
seems to target this point. However, it is certain that
these regimens have anti-viral activity although its
mechanism is obscure. In addition, these regimens
also have the activities to correct various immunolo-
gical dysregulations, such as the imbalance of
Th1/Th2 status, in the peripheral blood of HAM/TSP
patients. Therefore, these treatments have conside-
rable benefits in therapeutic strategies for HAM/TSP
However, whether or not these treatments are well
tolerated over long-term or lifelong treatment is
uncertain.

Reverse transcriptase inhibitors

Some nucleoside analogues have been shown to
block HTLV-I replication by inhibition of reverse trans-
criptase (RT). Zidovudine (azidothymidine, AZT) can
inhibit HTWV-I replication in vitro although its inhi-
bitory dose for HTLV-1 is higher than for human immu-
nodeficiency virus [42]. However, a recent clinical trial
of combination therapy using zidovudine and lamivu-
dine, the thymidine and cytosine analogue, in a ran-
domized, double-blind, placebo-controlled study gave
a pessimistic view of RT inhibitors for the regimen for
HTLV-l targeting as a treatment for HAM/TSP [66).
Taylor and colleagues have conducted a controlled
study on 6 months of combination therapy with these
two RT inhibitors for 16 HAM/TSP patients. Compa-
ring the clinical effects and the changes of laboratory
markers in the peripheral blood including HTLV-l proviral
load between each group treated by combined the-
rapy or placebo therapy, no significant changes were
seen between the two arms. This finding strongly
suggests that both RT inhibitors have no activities to
reduce HTLV-l proviral load, at least, in vivo in HAM/TSP
patients. If the increased proliferation of HTLV-I-in-
fected cells, rather than new infection through cell-to-
cell spread, plays an important role mainly in the
maintenance of high HTLV-l proviral load in the
peripheral blood of HAM/TSP patients [5,9,72], the
inefficacy of the treatment with RT inhibitors might
be reasonable.

Humanized anti-Tac

Itis well known that IL-2 and iL-2 receptor o (IL-2Ror)
are induced by HTLV-l tax transactivation in HTLV--in-
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fected cells [26,67]. This dysregulation of cellular gene
expression by HTLV-l tax initiates a process of T cell
activation and proliferation by the autocrine or para-
crine loop. Therefore, the blockade of the IL-2/IL-2Rot
system might lead to decreased HTLV-l-infected cells in
vivo through apoptosis of such cells by IL-2 deprivation.
The efficacy of humanized anti-Tac antibody (dacli-
zumab), the humanized form of monoclonal antibody
against IL-2RoL which blocks the interaction of IL-2 with
IL-2Rat, has been demonstrated in several immune-me-
diated diseases, such as renal allograft rejection, non-
infectious uveitis, multiple sclerosis, pure red cell apla-
sia, aplastic anaemia, psoriasis, and T-cell malignancy
{70].

The efficacy of daclizumab treatment for HAM/TSP
patients was reported concomitant with the reduction
of the number of circulating activated T cells expressing
IL-201 receptor and the decrease of spontaneous PBL
proliferation ex vivo [35]. Furthermore, HTLV- proviral
load in the peripheral blood was reduced by an average
of 52% following treatment, suggesting that humanized
anti-Tac can selectively remove HTLV-l-infected cells
expressing IL-2Rat from the peripheral blood of HAM/
TSP patients.

Histone deacetylase enzyme inhibitor

Histone deacetylase (HDAC) enzyme inhibitor has
lately attracted considerable attention as a thera-
peutic regimen against various diseases, including
malignancies and neurodegenerative diseases [1,8].
Although acetylated histones are associated with
transcriptionally active chromatin and deacetylated
histones with inactive chromatin, chromatin acety-
lation is regulated by the balance between histone
acetyltransferases and histone deacetylases (HDACs)
as epigenetic control under physiological conditions.
Histone acetylation plays an important role also in
the regulation of HTLV-l gene expression [11,40].
Therefore, inhibition of HDAC activities leads into
histone hyperacetylation followed by increases in
HTLV-1 gene expression.

The relationship between HTLV-I proviral load
and/or expression and the host immune system, such
as HTLV-I-specific CTL, is at equilibrium in the peri-
pheral blood [S]. Therefore, if HTLV- proviral load is
increased based on up-regulation of HTLV- expression
(e.g., in cells infected with latent or silent form), HTLV-
specific CTL are more activated and the number of
HTLV--infected cells might be reduced in the peri-
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pheral blood. Based on the new concept of “gene acti-
vation therapy”, a clinical trial of orally administered
20 mg/kg/day valproate (VPA), a HDAC inhibitor, over
3 months was performed in 16 HAM/TSP patients
[38]. Although HTLV- proviral loads in the peripheral
blood were transiently increased in the early stages
after administration, they significantly decreased in
all patients by 2.3- to 89.3-fold (mean, 24-fold) at the
end point. Although the authors did not describe the
changes of clinical status in detail, they mentioned
that VPA treatment induced a reduction of spasticity
in all patients. Although there is one report that HDAC
inhibitors decreased the activity of HTLV-I-specific CTL
leading to a reduction of the efficiency of CTL surveil-
lance against HTLVH [43], VPA might be a potentially
useful anti-HTLV-l agent. Since VPA is an anti-epileptic
drug with a good safety profile as long-term therapy
and is easily available, case-controlled studies of VPA
treatment in HAM/TSP patients are warranted.

Prosultiamine

As another therapeutic strategy for HAM/TSP,
HTLV-l-infected cells may be targeted in the peripheral
blood. If HTLV-l-infected cells can be selectively re-
moved, for example by apoptosis, from the peripheral
blood, using inexpensive drugs which are well
tolerated with few adverse events over long periods,
this may become an ideal therapy for HAM/TSP Very
recently, we reported the efficacy of prosultiamine
treatment against HAM/TSP patients [54] with the
decrease of HTLV-I proviral load in the peripheral blood.

Although prosultiamine (Alinamin®), a product of
Takeda Pharma Co. Inc. (Osaka, Japan), is very fre-
quently prescribed for vitamin B1 deficiency in Japan,
this compound is a homologue of allithiamine,
originally synthesized by thiol type vitamin Bl and
allicin (diallyl thiosulfinate) derived from garlic (Allium
sativum) [13]. For the stability in the blood and the
efficient access of vitamin Bl to the tissues, pro-
sultiamine was developed after allyt disulfide derived
from allicin was substituted to propyl disulfide in the
structure of allithiamine [41] (Fig. 2). Although the
mechanisms by which cytotoxic effects are induced
by allicin are poorly understood, the disruption of the
intracellular redox system induced by the chemical
reaction of a disulfide moiety in its structure with
thiol-containing intracellular molecules, such as
thioredoxin, thioredoxin reductase, glutathione, etc,,
seems to have an important role for triggering cell
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death [73]. As shown in Fig. 2, prosultiamine has
a disulfide moiety in its structure like allicin. There-
fore, prosultiamine is expected to have the same
biological activity as allicin. Indeed, we showed that
prosultiamine, like allicin, has cytotoxic activity
against HTLV-l-infected T cell lines derived from HAM/
TSP patients by caspase-dependent apoptotic activity
through the mitochondrial pathway [54]. Based on
the data showing that prosultiamine in vitro
treatment against peripheral blood CD4* T cells of
HAM/TSP patients also induced a significant de-
crease of HTLV-I proviral copy numbers by apoptosis
of HTLV-l-infected cells, we treated 6 HAM/TSP
patients with intravenous prosultiamine at dosages
of 40 mg daily for 14 days. As a result of this treat-
ment, the copy numbers of HTLV-l provirus in
peripheral blood decreased to about 30-50% of their
pre-treatment levels, with some clinical benefits in all
patients, suggesting that prosultiamine has the
potential to be a new therapeutic tool targeting HTLV-
l-infected cells by inducing apoptosis in HAM/TSP
[54]. Although prosultiamine is safely prescribed even
in long-term treatment, case-controlled studies of its
treatment in HAM/TSP patients are warranted.

Conclusions

Although long-standing bystander mechanisms,
such as the destruction of the surrounding tissues by
the interaction between HTLV--infected CD4* T cells
and HTLV-I-specific CTL, are probably critical in the
immunopathogenesis of HAM/TSP, the entire mole-
cular process by which the mechanisms are induced
in the spinal cord are still obscure. In this review,
when considering the role of HTLV-l-infected CD4* T
cells in the peripheral blood as the first responders in
this mechanism, | have showed the importance of the
increase of these cells having the characteristics of
Thi-activated status based on activation of p38 MAPK
signalling with the transmigrating activity into the
tissues enough to trigger chronic inflammation in the
spinal cord. However, the exact mechanisms of how
these abnormalities are induced in the peripheral
blood of HAM/TSP patients remain unresolved.

During the past 20-year period, since the association
of HTLV- and spastic paraparesis, numerous findings
have been presented on various aspects of HAM/TSP
Unfortunately, these findings have not translated into
an optimal therapeutic strategy for this chronic, pro-
gressive neurological disease. Given that the patho-
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physiology of HAM/TSP involves chronic inflammation
triggered by HTLV-l infection, the treatment of HAM/TSP
must be done as one of the infectious diseases because
HTLV--infected cells are the first responders in the

Folia Neuropathologica 2009; 47/2

i. Quotation from [51].

development of HAM/TSP. Therefore, therapeutic stra-
tegies that decrease or eliminate HTLV-l-infected cells
seem appropriate for HAM/TSR In addition, these stra-
tfegies must be well tolerated, and inexpensive, even in
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long-term treatment. In this regard, either VPA or pro-
sultiamine might function as a new anti-viral agent
against HTLV-L. Clinical trials for targeting the depletion
of HTLV-l-infected cells provide the next important steps
in assessing this new therapeutic strategy against
HAM/TSP
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Sirs,

We present two patients with central nervous system
(CNS) disease associated with Sjogren’s syndrome (SjS)
and positive for antiaquaporin-4 water channel autoanti-
bodies (AQP4-Ab) who were treated successfully with ta-
crolimus. Tacrolimus is an immunosuppressant that acts as
a calcineurin inhibitor and suppresses T helper 2 (Th2)
cells [1]. Tacrolimus may also act as a neuroprotectant by
reducing axonal and myelin damage, as shown in a mouse
model of experimental autoimmune encephalomyelitis [2].
SjS is a chronic autoimmune disease characterized by
lymphocytic infiltration of the exocrine glands. SjS-asso-
ciated inflammation sometimes spreads into the CNS
(CNS-SjS), occasionally mimics relapsing-remitting mul-
tiple sclerosis (MS), and inflammation often involves the
brain, spinal cord, and optic nerve [3]. Neuromyelitis
optica (NMO) is also a relapsing inflammatory disease of
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the CNS, characterized by severe attacks of optic nerve
neuritis and longitudinally extensive transverse myelitis
[4]. NMO is distinguished from MS by the presence of
AQP4-Ab and differences in the distribution of inflam-
matory lesions and pathological findings. Combination
therapy with a corticosteroid and azathioprine is the current
standard treatment for preventing NMO relapse [5]; how-
ever, some patients are refractory to this therapy.
Approximately 3% of patients with NMO have coexisting
systemic lupus erythematosus (SLE) or SjS, and CNS-SjS
patients with optic nerve neuritis or longitudinal myelitis

- (conditions called “NMO spectrum disorder”) often pres-

ent with positive findings for AQP4-Ab [4, 6, 7]. To our
knowledge, this is the first reported assessment of tacroli-
mus in patients with CNS-SjS with AQP4-Ab. This treat-
ment was approved by the ethical committee of our
university, and the patients provided written informed
consent.

A 48-year-old female (Patient 1, Fig. 1) was admitted to
the hospital with rapidly progressive nausea, hiccups,
dysphagia, and drowsiness. Magnetic resonance imaging
(MRI) revealed T2 hyperintensities of the hypothalamus
bilaterally and the dorsal medulla oblongata. After three
courses of intravenous high-dose methylprednisolone
(IHMP, 1 g/day for 3 days in one course), the patient
recovered completely, except for mild dysphagia. One year
after the first attack, she developed limb weakness. Labo-
ratory test results revealed high levels of anti-Ro (SSA)
antibodies and positive antinuclear antibody. The Schirmer
test and the Saxon test revealed decreased salivary secre-
tion (Table 1). She was diagnosed with CNS-SjS [8]. She
experienced nine attacks during the entire disease course,
and we started treatment with oral tacrolimus during her
ninth admission. No recurrent attacks have been observed
for 49 months since the start of this treatment.
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Fig. 1 Time course of relapse, therapies, symptoms, and images of
Patient 1. Stars indicate attacks. The thickness of each line represents
the severity of any symptom or the dose of drug. Nine attacks had
occurred in spite of therapeutic approaches, and no attacks were
observed after starting tacrolimus. a A sagittal fluid-attenuated
inversion recovery (FLAIR)-weighted image at onset shows hyper-
intense lesions in the thalamus, the mammillary bodies, and the dorsal

A 50-year-old female (Patient 2) visited our hospital
with acute left visual loss and depression. She was diag-
nosed with retrobulbar optic nerve neuritis, but she rejected
steroid therapy and was not admitted to our hospital. One
year later, she was sent to our hospital by ambulance due to
weakness. Physical examination revealed dysphagia,
dysarthria, incomplete tetraplegia, urinary retention, and
depression. MRI revealed T2 hyperintensities in the corpus
callosum, ~thalamus, midbrain, and pons. She was
diagnosed with CNS-SjS based on SjS criteria (Table 1),
and she was treated with IHMP. Because high doses of oral
steroids may exacerbate depression, we started therapy
with tacrolimus (3 mg/day) to prevent relapse. No
recurrence was observed for nine months, but she could not

portion of the medulla oblongata (arrows). b A photomicrograph of a
labial salivary gland biopsy at the second admission. An aggregate of
lymphocytes surrounding a salivary gland. Size bar is 50 pm. ¢ A
sagittal T2-weighted image at the fifth admission shows hyperintense
lesions throughout the spinal cord (arrowheads). IHMP Intravenous
high-dose methylprednisolone (1 g/day for 3 days in one course),
EDSS expanded disability status scale

continue the therapy due to exacerbation of depression.
Two years after withdrawal, she suffered right hemiplegia,
and MRI revealed a relapse lesion in the left posterior limb
of the internal capsule.

The serum of both patients was positive for AQP4-Ab
after the initiation of tacrolimus. Because no recurrences
were observed for at least 9 months for one patient (Patient
2) and 49 months for the other (Patient 1), we concluded
that tacrolimus is effective in CNS—SjS with AQP4-Ab.
Considering the pathological observations that indicate loss
of AQP4 with deposition of antibody and compliment in
CNS lesions in NMO [9, 10], we speculate that tacrolimus
may act by suppressing the humoral immunity against
AQP4 through Th2 inhibition.

@ Springer
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Table 1 Clinical features of two patients

Patient 1 Patient 2

Age at onset (years), sex 48, female 50, female -
Ethnicity Japanese Japanese
Dry mouth + +

Number of relapses® 9 2

MRI findings

Optic lesion + +

Cerebral lesion + +

Pontine lesion - +
Medullary lesion + -
Longitudinal cord lesion + -
Autoantibodies

ANA + +

SS-A + +

SS-B - +
Aquaporin-4 + +
Diagnostic tests for SjS

Schirmer test + +

Saxon test + +

Salivary gland biopsy Compatible for SjS Not done
Sialography Not done Compatible for SjS
CSF findings '
Cells/pd 26 37

MBP (mg/dl, <4.0) 6.2 56.3
Oligoclonal IgG bands  — -
Diagnosis

Criteria of SjS Fulfilled Fulfilled
Criteria of NMO Fulfilled Not fulfilled

ANA antinuclear antibody, CSF cerebrospinal fluid, IgG immuno-
globulin G, MBP myelin basic protein, MRI magnetic resonance
imaging, NMO neuromyelitis optica, SjS Sjogren’s syndrome

# Including first attack
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Abstract

Background: Recently, human T-cell leukemia virus type | (HTLV-1) basic leucine zipper factor
(HBZ), encoded from a minus strand mRNA was discovered and was suggested to play an
important role in adult T cell leukemia (ATL) development. However, there have been no reports
on the role of HBZ in patients with HTLV-1 associated inflammatory diseases.

Results: We quantified the HBZ and tax mRNA expression levels in peripheral blood from 56
HTLV-l-associated myelopathy/tropical spastic paraparesis (HAM/TSP) patients, 10 ATL patients,
38 healthy asymptomatic carriers (HCs) and 20 normal uninfected controls, as well as human
leukemic T-cell lines and HTLV-1-infected T-cell lines, and the data were correlated with clinical
parameters. The spliced HBZ gene was transcribed in all HTLV-1-infected individuals examined,
whereas tax mRNA was not transcribed in significant numbers of subjects in the same groups.
Although the amount of HBZ mRNA expression was highest in ATL, medium in HAM/TSP, and
lowest in HCs, with statistical significance, neither tax nor the HBZ mRNA expression per HTLV-
I-infected cell differed significantly between each clinical group. The HTLV-1 HBZ, but not tax
mRNA load, positively correlated with disease severity and with neopterin concentration in the
cerebrospinal fluid of HAM/TSP patients. Furthermore, HBZ mRNA expression per HTLV-1-
infected cell was decreased after successful immunomodulatory treatment for HAM/TSP,

Conclusion: These findings suggest that in vivo expression of HBZ plays a role in HAM/TSP
pathogenesis.
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Background

Human T-cell lymphotropic virus type 1 (HTLV-1) is a
replication-competent human retrovirus [1,2] which is
associated with adult T-cell leukemia (ATL) [3,4] and with
a slowly progressive neurological disorder HTLV-1-associ-
ated myelopathy/tropical spastic paraparesis (HAM/TSP)
[5,6]. In HTLV-1 infection, approximately 5% develop
ATL [7] and another 2%-3% develop chronic inflamma-
tory diseases involving the central nervous system (HAM/
TSP), the eyes [8], the lungs [9], the joints [10], or the skel-
etal muscles [11]; most infected individuals, however,
remain healthy in their lifetime (healthy asymptomatic
carriers: HCs). Although the factors that cause these differ-
ent manifestations of HTLV-1 infection are not fully
understood, previous population association studies sug-
gested that both viral and host genetic factors influence
the outcome of infection [12].

Among several HTLV-1 genes, a transcriptional activator
Tax encoded in the pX region is thought to play a central
role in immortalization, oncogenesis and inflammation
through its pleiotropic activity [ 13]. In HAM/TSP patients,
it has been reported that several cytokines, chemokines
and matrix metalloproteinases transactivated by Tax pro-
tein such as tumor necrosis factor-a. (INF-a) [14], mono-
cyte chemoattractant protein-1 (MCP-1) [15] and matrix
metalloproteinase (MMP)-9 [16] are overexpressed in the
infiltrating mononuclear cells in the patients' spinal
cords. In addition, a previous report from the United
States suggested that the level of HTLV-1 tax mRNA
expression in HTLV-1-infected cells (mRNA/DNA ratio)
was significantly higher in HAM/TSP patients than HCs,
and this finding correlated with the HTLV-1 proviral load,
Tax-specific CD8+ T cell frequency and disease severity of
the patients [17]. A report from Japan also indicated that
HTLV-1 tax mRNA expression was higher in HAM/TSP
than HCs, although the mRNA/DNA ratio was similar
between both groups [18]. These results suggest an impor-
tant role of Tax in the induction of HAM/TSP.

It has been reported that among fresh leukemic cells iso-
lated from ATL patients, about 60% of cases do not
express the tax transcript [19]. In tax transgenic mouse
models, the mice develop a wide range of tumors such as
neurofibrosarcomas, mesenchymal tumors, and mam-
mary adenomas, or even skeletal abnormalities including
osteolytic bone metastases [20-27}]; however, no leuke-
mias or lymphomas were identified except in three mod-
els, which used respectively the granzyme B promoter
{28], Lck proximal promoter [29] and Lck distal promoter
[30]. These findings suggest that Tax is required for malig-
nant transformation but not essential for the maintenance
of leukemic cells in vivo. Recently, a novel basic leucine
zipper protein encoded by the complementary strand of
the HTLV-1 genome, named HTLV-1 basic leucine zipper

hitp://www.retrovirology.com/content/6/1/19

factor (HBZ), was characterized [31]. HBZ is expressed in
all ATL cells [32], promotes proliferation of T-lym-
phocytes in its RNA form [32], suppresses Tax-mediated
transactivation through the 5' LTR [31,33], promotes
CD4+ T-lymphocyte proliferation in transgenic mice {32],
and enhances infectivity and persistence in HTLV-1-inoc-
ulated rabbits [34].

In this study, we investigated whether HTLV-1 HBZ
mRNA expression is associated with clinical and labora-
tory markers reported in HAM/TSP patients, including
HTLV-1 proviral load, neopterin concentration in cerebro-
spinal fluid {CSF), and motor disability score. In addition,
to confirm the previous observations [17,18], we have
also investigated the tax mRNA expression in ATL
patients, HAM/TSP patients, and HCs by using the same
technology but in a larger number of subjects.

Methods

Patients and cells

Human leukemic T-cell lines (Jurkat, MOLT-4, and CEM)
and HTLV-1-infected T-cell lines (C5/M], SLB1, HUT102,
MT-1, MT-2, and MT-4) were cultured in RPMI 1640
medium supplemented with 10% FCS. The diagnosis of
HAM/TSP was done in accordance with World Health
Organization criteria [35]. The diagnosis of ATL was made
on the basis of dlinical features, hematological character-
istics, serum antibodies against HTLV-1 antigens, and
detection of the HTLV-1 viral genome inserted into leuke-
mia cells by Southern blot hybridization. All the PBMC
samples used in this study were collected prior to treat-
ment by a Histopaque-1077 (Sigma) density gradient cen-
trifugation, washed and stored in liquid nitrogen until
use. This research was approved by the institutional
review boards of the authors' institutions, and informed
consent was obtained from all individuals.

Quantification of HTLV-I proviral load, tax and HBZ
mRNA expression, anti-HTLV-1 antibody titers and
neopterin concentration in cerebrospinal fluid

RNA was extracted from PBMCs using RNeasy Mini Kit
with on-column DNase digestion (QIAGEN, Tokyo,
Japan) according to the manufacturer's instructions. Com-
plementary DNA (cDNA) was synthesized using TagMan
Gold RT-PCR Kit (Applied Biosystems, Tokyo, Japan). For
c¢DNA synthesis from extracted mRNA, 2 pg total RNA, 10
pl 10xTagMan RT buffer, 22 ul MgCl, (25 mM), 20 pl
dNTPs mixture (at a final concentration of 500 uM each),
5 ul random hexamers (50 pM), 2 pl RNase inhibitor (20
U/ul), and 2.5 pl (50 U/ul) Moloney murine leukemia
virus reverse transcriptase were added to a total volume of
100 pl. Samples were incubated at 25°C for 10 minutes
and 48°C for 30 minutes, and reactions were stopped by
heating to 95°C for 5 minutes. Genomic DNA was
extracted from the frozen PBMCs by QIAamp blood kit
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(QIAGEN, Tokyo, Japan). We, then, carried out a real time
quantitative PCR using ABI Prism 7900 HT Fast Real-Time
PCR System (Applied Biosystems) to examine the HTLV-1
proviral load [36] and tax mRNA expression [17] in
PBMCs or HTLV-1 infected cell lines as reported previ-
ously. The amount of the HTLV-1 proviral load was calcu-
lated using B-actin as an internal control through the
following formula: copy number of HTLV-1 tax per cell =
[(copy number of tax)/(copy number of B-actin/2}]. The
sequences of primers for HTLV-1 provirus were as follows:
5'-CAA ACC GTC AAG CAC AGC TT-3' and 5"-TCT CCA
AAC ACG TAG ACT GGG T-3', and the probe was 5 TTC
CCA GGG TIT GGA CAG AGT CIT CT-3'. HBZ mRNA
expression levels were also quantified by real time quanti-
tative PCR using the same method for tax mRNA [17].
Namely, serially diluted cDNA from HTLV-1 infected MT-
2 cells was used for generating standard curves for the
value of HTLV-1 tax or HBZ mRNA and hypoxanthine
ribosy! transferase (HPRT) mRNA, and the relative HTLV-
1 tax or HBZ mRNA load was calculated by the following
formula: HTLV-1 tax mRNA load = value of tax/value of
HPRT. HTLV-1 HBZ mRNA load = value of HBZ/value of
HPRT. We used aliquots of the same standard MT-2 cDNA
preparation for all assays and the correlation values of
standard curves were always more than 99%. The
sequences of primers for tax mRNA detection were as fol-
lows: 5'-ATC CCG TGG AGA CTIC CTC AA-3' and 5'-ATC
CCGTGG AGA CTC CTC AA-3', and the probe was 5'-TCC
AAC ACC ATG GCC CAC TTC CC-3'. The sequences of
primers for HBZ mRNA detection were as follows: 5'-AGA
ACG CGA CTC AAC CGG-3' and 5'-TGA CAC AGG CAA
GCA TCG A-3', and the probe was 5'-TGG ATG GCG GCC
TCA GGG CT-3'. As the probes for tax and HBZ mRNA
surrounded the splice junction site of each mRNA, we
detected HBZ splicing isoform, which is the most abun-
dant HBZ transcript and contributed significantly to HBZ
protein synthesis [37-39], but not unspliced form in this
study. We used the HPRT primers and probe set (Applied
Biosystems) for internal calibration. The tax and HBZ
probes were labeled with fluorescent 6-carboxyfluorescein
(FAM) (reporter) at the 5' end and fluorescent 6-carboxy
tetramethyl rhodamine (TAMRA) (quencher) at the 3'
end. All assays were performed in triplicate. The sensitivity
of our real-time RT-PCR assay was determined using MT-
2 cells diluted serially with PBMCs from a healthy unin-
fected donor. The HTLV-1 mRNA signal (both tax and
HBZ) could be detected in a dose-dependent manner with
a sensitivity limit as low as one MT-2 cell in 10 PBMCs.
Neopterin levels were evaluated by HPLC with fluoromet-
ric detection methods as described previously [40]. Serum
HTLV-1 antibody titers were determined by a particle
agglutination method (Serodia-HTLV-1%°, Fujirebio,
Japan).

http://www.retrovirology.com/content/6/1/19

Clinical evaluation

Motor dysfunction seen in HAM/TSP patients was evalu-
ated by clinical neurologists according to the Osame
Motor Disability Score (OMDS) [41], which grades motor
dysfunction from zero (normal walking and running) to
13 (complete bedridden) as follows: 1 = normal gait but
runs slow; 2 = abnormal gait; 3 = abnormal gait and una-
ble to run; 4 = need support while using stairs; 5 = need
one hand support in walking; 6 = need two hands support
in walking; 7 = need two hands support in walking but is
limited to 10 m; 8 = need two hands support in walking
but 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 turn sideways in bed; 12 = unable to turn
sideways but can move the toes. We have used OMDS
throughout our previous studies [41-43] because this is a
neurological measure of disability weighted toward
ambulation and was specifically developed to evaluate
motor dysfunction seen in HAM/TSP patients. It is there-
fore more suitable for evaluating HAM/TSP motor symp-
toms than the widely used EDSS [44]. The laboratory data
were examined by an investigator who was not involved
in the patients' clinical care, and the neurologists who
made the clinical evaluation did not have access to the
laboratory data.

Statistical analysis

The Mann-Whitney U test was used to compare data
between two groups. Correlations between variables were
examined by Spearman rank correlation analysis. Values
of p < 0.05 were considered statistically significant.

Results

HTLV-1 tax and HBZ mRNA load in HAMITSP, ATL and
HCs

A total of 56 HAM/TSP patients, 10 ATL patients and 38
HCs completed the evaluation. Twenty normal uninfected
healthy controls {NCs) were used as negative controls.
The HTLV-1 proviral load in this study represents the copy
number of HTLV-1 tax per cell (for HTLV-1 infected cell
lines) or PBMC (for HAM/TSP, ATL and HCs) (Table 1).
Therefore, the HTLV-1 proviral load represents the popu-
lation of infected cells in PBMCs when one cell harbors
one provirus. However, since recent data by Kamihira et
al. indicated that 43 out of 321 ATL specimens (17.8%)
showed two or more bands by Southern blot analysis after
EcoRI digestion [45], we reviewed the Southern blot data
of our 10 ATL patients. As a result, two distinct bands of
over 9 kb were observed in EcoRI digestion in samples
from two ATL patients, indicating at least the biclonal
integration of HTLV-1 proviral DNA. The incidence of
multibands in our cases (two out of ten: 20%) was com-
parable with the data by Kamihira et al. (17.8%). The
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Table 1: HTLV-I mRNA load, proviral load and mRNA/DNA ratio in HTLV-| - infected individuals and T-cell lines.

Cell line HBZ mRNA2 tax mRNAP Proviral load® HBZ mRNA/DNA¢ tax mRNA/DNAe
C5/M) 133 0.062 8.1 1.64 0.0076
HUTI02 1.2 26.35 19.3 0.063 1.37
MT 252 00!t 7.1 3.56 0.0015
MT2 78 1.24 16.2 0.48 0.077
MT4 24 171 12.6 0.19 0.135
SLBI 258 874 1155 0.22 0.756
HAM/TSP* 0.74 0 0.051 19.10 0
(0.023-33.50) (0-0.041) (0.0008-0.41) (0.81-273.45) (0-0.32)
HCs* 0.15 0 0.0089 16.67 0
(0.0013-6.42) (0-0.000078) (0.0001-0.10) (0.21-7358.91) (0-0.11)
ATL* 31.43 0.000018 .14 24.04 0
(5.93-225.64) (0-0.59) (0.25-2.88) (13.77-135.83) (0-0.29)

*The results represent the median and range (n = 56 for HAM/TSP, n = 38 for HCs and n = [0 for ATL)

aHTLV-I HBZ mRNA load = value of HBZ/value of HPRT
BHTLV-1 tax mRNA load = value of tax/value of HPRT

<Proviral load: HTLV-! tax copy number per cell

JHBZ mRNA/DNA ratio = HTLV-1 HBZ mRNA load/Proviral load
etax MRNA/DNA ratio = HTLV-| tax mRNA load/Proviral load

number of HTLV-1 proviral load in MT-2 cells measured
by our quantitative PCR method (16.2 copies/cell) was
also comparable with the previous report {12.6 copies/
cell) [46].

The HTLV-1 proviral load was significantly greater in
HAM/TSP patients (median 0.051, range 0.0008-0.41)
than HCs (median 0.0089, range 0.0001-0.10) (P =
0.000011, Mann Whitney U test, Table 1). The HTLV-1
HBZ mRNA level was highest in ATL, medium in HAM/
TSP, and lowest in HCs with statistical significance (Table
1 and Figure 1A). It is noteworthy that we could detect
HTLV-1 HBZ gene transcripts in all infected individuals
tested. Interestingly, there were three cases with extremely
high data of HBZ mRNA in HCs (Figure 1C). Since recent
report by Shimizu et al. indicated that HTLV-1-specific T-
cell responsiveness widely differed among HTLV-1 carriers
[47]. these extremely high data of HBZ mRNA might be
explained by immunological diversity observed in HCs. In
contrast, although the HTLV-1 tax mRNA levels in ATL
patients was significantly higher than HCs (p = 0.014,
Mann-Whitney U test), the HTLV-1 tax mRNA levels
between HCs-HAM/TSP and HAM/TSP-ATL did not reach
statistical difference (Figure 1B). We could not detect any
HTLV-1 tax and HBZ mRNA expression in any of the 20
NCs and 3 uninfected human leukemic T-cell lines (Jur-
kat, MOLT-4, and CEM) tested (data not shown).

Comparison of HTLV-1 tax and HBZ mRNA load with
HTLV-1 proviral load

To test whether higher HBZ mRNA levels reflect higher
proviral load, we adjusted the tax or HBZ mRNA load (i.e.

value of tax or HBZ/value of HPRT) by the HTLV-1 provi-
ral load (i.e. HTLV-1 tax copy number per cell). As a result,
neither tax nor the HBZ mRNA/DNA ratio differed signif-
icantly between each clinical group (i.e. HAM/TSP-HCs,
HAM/TSP-ATL and HCs-ATL) (figure 1C, D). Interest-
ingly, although both HTLV-1 proviral load and tax
mRNA/DNA ratio were higher in HTLV-1-infected cell
lines (C5/MJ, SLB1, HUT102, MT-1, MT-2, and MT-4)
than PBMCs, HBZ mRNA/DNA ratio was even higher in
PBMCs than HTLV-1-infected cell lines (Table 1). Consist-
ent with the previous observations that HBZ suppresses
Tax mediated transactivation through the 5' LTR
[31,33,48), HBZ mRNA load tended to be higher in cell
lines with lower tax mRNA load, and indeed HBZ mRNA/
DNA ratio was inversely correlated with tax mRNA/DNA
ratio in 6 HTLV-1-infected cell lines (Spearman'’s rank cor-
relation coefficient r = -0.943, P = 0.035) (Table 1 and
data not shown), although such correlation was not
observed between HBZ and tax mRNA/DNA ratio in
PBMCs from HAM/TSP patients, ATL patients, HCs and
all groups combined (data not shown). As shown in Fig-
ure 2, the HTLV-1 HBZ mRNA load was significantly cor-
related with HTLV-1 proviral load in HAM/TSP patients (P
= 0.0005, r = 0.470 by Spearman rank correlation analy-
sis), HCs (P = 0.0013, r = 0.528) and all groups combined
(P < 0.000001, 1 = 0.686), but not in ATL patients (P =
0.300, r = 0.345). The tax mRNA load was correlated with
the HTLV-1 proviral load in HCs (P = 0.045, r = 0.444),
ATL patients (P = 0.045, r = 0.673), and all groups com-
bined (P < 0.01, r = 0.365), but not in HAM/TSP patients
(P=0.411, r=0.210).
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HTLV-1 tax and HBZ mRNA load in patients with HAM/TSP, ATL and asymptomatic HTLV-I carriers. A.
HTLV-1 HBZ mRNA load was highest in ATL, medium in HAM/TSP, and lowest in HCs. B. The HTLV-1 tax mRNA load
between HCs and HAM/TSP, HAM/TSP and ATL did not reach statistical significance, although the HTLV-1 tax mRNA load in
ATL patients was significantly higher than HCs (p = 0.014, Mann Whitney U test). C and D. To normalize the HTLV-{ tax or
HBZ mRNA expression level per provirus, the mRNA/DNA ratio was calculated by dividing the HTLV-1 tax or HBZ mRNA
load by the HTLV-1 proviral load. Neither the HBZ (C) nor the tax (D) mRNA/DNA ratio differed significantly between each
clinical group (HAM/TSP — HCs, HAM/TSP — ATL, HCs — ATL). The zero value of tax gene transcripts was observed in 60.7%
of HAM/TSP patients (34 out of 56), 71.1% of HCs (27 out of 38) and 30.0% of ATL patients (3 out of 10). The medians are
represented by horizontal lines and the statistical differences between them were calculated with a Mann Whitney U test.
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Figure 2

Correlation between HTLV-I proviral load and HTLVY-1 mRNA load in HTLV-I infected individuals. A. The
HTLV-1 HBZ mRNA load was significantly correlated with HTLV-1 proviral load in HAM/TSP patients alone (P = 0.0005, r =
0.470 by Spearman rank correlation analysis), HCs alone (P = 0.0013, r = 0.528) and all groups combined (P < 0.000001, r =
0.686) but not in ATL patients (P = 0.300, r = 0.345). B. The tax mRNA load correlated with the HTLV-1 proviral load in HCs
(P = 0.045, r = 0.444), ATL patients (P = 0.045, r = 0.673) and both group combined (P < 0.01, r = 0.365) but not in HAM/TSP
patients (P = 0.411, r = 0.210). The zero value of tax gene transcripts did not appear in the figures. Correlations were exam-

ined by Spearman rank correlation analysis.

Comparison of HBZ mRNA load with tax mRNA load among
HTLV-1 infected individuals in different clinical status

To investigate the mutual expression status of HBZ and tax
mRNA in different clinical status, we calculated the ratio
of HBZ mRNA/tax mRNA in 22 HAM/TSP patients, 11
HCs and 7 ATL patients, who express both tax and HBZ
mRNA in PBMCs. HTLV-1 tax mRNA was not expressed in
60.7% (34 out of 56) of HAM/TSP patients, 71.1% (27
out of 38) of HCs and 30.0% (3 out of 10) of ATL patients,
whereas HTLV-1 HBZ mRNA was expressed in all the
infected individuals tested. As shown in figure 3, HBZ
mRNA/tax mRNA ratio in PBMCs was significantly
increased in ATL patients than HAM/TSP patients and
HCs (P =0.013 and 0.0051, Mann-Whitney U test, respec-
tively), indicating very high HBZ transcript levels relative
to tax, especially in ATL patients.

Correlation of HTLV-1 HBZ mRNA load with CSF neopterin
concentration and disease severity in HAMITSP patients

To investigate the relationship between HTLV-1 mRNA
load and various laboratory markers, HTLV-1 proviral

load, CSF neopterin concentration and anti-HTLV-1
antibody titers were quantified and compared with
motor dysfunction of HAM/TSP patients. Since neop-
terin is a low molecular weight pteridine compound
released from macrophages upon stimulation with y-
interferon secreted by activated T cells, the measurement
of neopterin concentrations in body fluids like blood
serum, CSF or urine provides information about cellular
immune activation in humans under the control of type
1T helper cells [49]. As shown in table 2, we showed that
the CSF neopterin level, which was positively correlated
with proviral load, was also positively correlated with
the HBZ mRNA load in HAM/TSP patients (Spearman's
rank correlation coefficient P = 0.0052, r = 0.437). How-
ever, such a correlation was not observed between neop-
terin and HTLV-1 tax mRNA load (P = 0.544, r = 0.228).
Motor dysfunction evaluated by OMDS significantly cor-
related with HTLV-1 HBZ mRNA load (P = 0.023, 1 =
0.328), but again not with HTLV-1 tax mRNA load (P =
0.401, r = 0.241).
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