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EXCLIO-CXCR3 feedback loop in HAM/TSP
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Figure 3 Astrocytes are the major CXCL10-producing cells in the
spinal cords of patients with HAM/TSP. (A) Quantitative histolo-
gical analysis (control: n = 6, HAM/TSP: nn = 4). The numbers of
CXCL10* cells in the spinal cord sections were counted under a
microscope. The data represent the mean number of CXCL10*
cells in three random fields of 1 mm? per sample. Horizontal bars
represent the mean. Statistical analysis was performed using the
Mann-Whitney U-test. (B) Representative immunchistochemisti-
cal images of CXCL10 in the thoracic spinal cord tissues from
control individuals (n = 6) and patients with HAM/TSP (n =4).
CXCL10-positive cells are brown. Upper panel: low magnification;
Lower panel: high magnification. (C) Representative immuno-
fluorescent images of GFAP (red), a marker for astrocytes, and
CXCL10 (green) in the thoracic spinal cord tissues from a control
individual and a patient with HAM/TSP patient. Similar results
were observed in images of spinal cord tissues obtained from two
other patients with HAM/TSP.

HAM/TSP (n =4) and control individuals (n = 6). CXCL10-positive
staining was mainly observed in star-shaped cells with extensive
and radiating cytoplasmic processes, indicating that CXCL10 is ex-
pressed in activated astrocytes in the thoracic spinal cord of
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patients with HAM/TSP (Fig. 3B). We also used immunofluores-
cence to confirm that CXCL10 is mainly expressed in astrocytes
(GFAP* cells) (Fig. 3C).

Co-culiure with CD4™ 1 cells from
patients with HAM/TSP enhances
CHCL10 production in U251 human
astrocytoma cells

CXCL10, also known as an IFN-y-inducible protein 10, is mainly
produced in response to {FN-y stimulation (Muller et al., 2010).
We used this fact to investigate the events leading to CXCL10
production by astrocytes in the spinal cords of patients with
HAM/TSP. First, we compared the capacities of several purified
cell populations within peripheral blood morionuclear cells to pro-
duce IFN-y spontaneously, i.e. without any stimulation. We found
that CD4* T cells exhibited the highest production of IFN-y
among peripheral blood mononuclear cells isolated from patients
with HAM/TSP, and CD4™* T cells from patients with HAM/TSP
produced more IFN-y than those from asymptomatic carriers
(Fig. 4A and B left). No peripheral blood mononuclear cells iso-
lated from healthy donors displayed any detectable level of {FN-y
production (data not shown). Interestingly, CD4* T cells from
patients with HAM/TSP did not produce IL-17A, a proinflamma-
tory cytokine known to play a key role in the pathogenic inflam-
matory response that characterizes multiple sclerosis (Fig. 48,
right) (Matusevicius et al., 1999). Next, we used a co-culture
system to confirm that CD4™ T cells induce astrocytes to produce
CXCL10 by releasing IFN-y. CD4™ T cells from patients with
HAM/TSP induced CXCL10 production in U251 astrocytoma
cells in a cell number-dependent manner (Fig. 4C), whereas
CD4" T cells from healthy donors did not induce CXCL10 pro-
duction (data not shown). Importantly, in the presence of anti-
IFN-y neutralizing antibodies, the supernatant from HAM/TSP pa-
tient CD4™ T cell cultures stimulated significantly less CXCL10
production in U251 cells (Fig. 4D).

Chemotastis of peripheral blood
mononuclear ceils from paltienls with
HAM/TSP due to CXCL10 and inhibition
of chemotaxis by anti-CXCL10
neuiralizing antibodies

To investigate the potential role of CXCL10 or CXCR3 as a thera-
peutic target for inhibiting the migration of proinflammatory cells
into the CNS, we assessed whether neutralizing antibodies against
CXCL10 or CXCR3 could inhibit the migration of peripheral blood
mononuclear cells in patients with HAM/TSP through the use of
an in vitro chemotaxis assay system. Human CXCL10 increased
the chemotactic activity of peripheral blood mononuclear cells
from patients with HAM/TSP by ~1.7-fold (Fig. 5A). Compared
with isotype control monoclonal antibodies, the chemotactic activ-
ity due to CXCL10 was inhibited by anti-CXCL10 neutralizing
antibodies (Fig. 5A; 65.9% inhibition, P < 0.01) but not by anti-
CXCR3 antibodies (Fig. 5A; 9.2% inhibition, P> 0.05: not
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Figure 4 Co-culturing with CD4™ T cells from patients with HAM/TSP increases CXCL10 production in a U251 human astrocytoma cell
line. (A) Concentration of IFN-~y in supernatants of cultured CD4*, CD8*, or CD14™ cells in peripheral blood mononuclear cells (PBMCs)
from patients with HAM/TSP (n = 6) compared with that in peripheral blood mononuclear cells from asymptomatic carriers (AC, n =5).

These cells were cultured without any stimuli for 24, 48 and 72 h. ND =

not detected. (B) Concentrations of IFN-y (leff) and IL-17A (right)

in culture supernatants of cultured CD4* T cells for 72 h from patients with HAM/TSP compared with the concentrations in those from
asymptomatic carriers. Patients with HAM/TSP: n = 6, asymptomatic carrier: n = 5. ND = not detected. Statistical analyses were performed
using the Mann-Whitney U-test. (C) Concentration of CXCL10 produced by U251, a human astrocytoma cell line, co-cuitured with CD4*
T cells from patients with HAM/TSP (n = 5). ND = not detected. (D) Concentration of CXCL10 produced by U251 stimulated by the
supernatant of cultured CD4* T cells of patients with HAM/TSP (n = 5) in the presence of neutralizing antibodies against IFN-y and TNF-
«, and isotype control antibodies for each. NS = not significant. **P < 0.01. Error bars represent the mean = SD.

significant). Next, we investigated whether or not this decreased
migration would also be reflected in the absolute number of
HTLV-1-infected cells among migrated cells. Chemotaxis assays
revealed that the addition of human CXCL10 (0.25 pug/ml)
increased the absolute number of HTLV-1-infected celis by
~2.1-fold (Fig. 5B) compared with isotype control monoclonal
antibodies, and that this increase was largely inhibited by anti-
CXCL10 neutralizing antibodies (Fig. 5B; 101.1% inhibition,
P <0.01) but only slightly by anti-CXCR3 antibodies (Fig. 5B;
65.7% inhibition, P > 0.05: not significant). Finally, we evaluated
the degree to which the migrated cells were proliferating spontan-
eously, where spontaneous proliferation is defined as proliferation
in the absence of exogenous antigens or stimulants (ltoyama
et al., 1988; ljichi et al., 1989). This is important because the

level of spontaneous proliferation of peripheral blood mononuclear
cells in patients with HAM/TSP is believed to refiect the cell pro-
liferation that occurs in the CNS (ltoyama et al., 1988; ljichi et al.,
1989). Significantly less >H-thymidine uptake, an assay for cell
proliferation, was detected in the lower chemotaxis assay chamber
following administration of anti-CXCL10 antibody than isotype
control antibodies (Fig. 5C; 33.8% inhibition, P < 0.05).

Discussion

Previous studies of HAM/TSP pathogenesis have revealed that
chronic inflammation occurs in the spinal cords of patients with
HAM/TSP (Saito and Bangham, 2012; Yamano and Sato, 2012);
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Figure 5 Chemotaxis of peripheral blood mononuclear cells due to CXCL10 and inhibition of chemotaxis by anti-CXCL10 neutralizing
antibody in cells from patients with HAM/TSP. (A) The migration-inducing effect of CXCL10 and the inhibitory effect of neutralizing
antibody against CXCL10 versus its receptor, CXCR3. Peripheral blood mononuclear cells from patients with HAM/TSP (n = 21) migrated
into the lower well in response to CXCL10, and treatment with anti-CXCL10 antibody significantly reduced the migration of peripheral
blood mononuclear cells, as compared to anti-CXCR3 antibody and control antibody. (B) The inhibition of cell migration led to an overall
decrease in migrated cells including HTLV-1-infected cells, effectively decreasing the absolute proviral load. Peripheral blood mononuclear
cells used were collected from patients with HAM/TSP; n = 4. (C) The inhibition of cell migration led to an overall decrease in migrated
cells which also means less spontaneous proliferation. Peripheral blood mononudear cells used were collected from patients with HAM/
TSP; n = 7. Error bars represent the mean = SD. Statistical analyses were performed using the Friedman test followed by the Dunn test for
multiple comparison. NS = not significant. *P < 0.05, **P < 0.01, ***P < 0.001. NTC = negative control; Cont Ab = isotype control
monoclonal antibody; @-CXCL10 Ab = anti-CXCL10 monoclonal antibody; a-CXCR3 Ab = anti-CXCR3 monoclonal antibody.

however, the precise mechanisms by which these inflammatory
lesions are formed and maintained remain unclear. We hypothe-
sized that a positive feedback loop driven by chemokines may be
responsible for the chronic inflammation associated with HAM/
TSP. We identified CXCL10 as the principal chemokine responsible
for inducing this chronic inflammation. We found for the first time
astrocytes to be the main producers of CXCL10. Our data suggest
that these astrocytes are stimulated to produce CXCL10 initially by
IFN-y released by infected T cells, where the infection appears to
have produced changes in the cells that promote spontaneous
IFN-y production. In short, we inferred that spinal cord lesions
found in patients with HAM/TSP arise when IFN-y produced by
HTLV-1-infected T cells induces astrocytes to secrete CXCL10,
which attracts CXCR3* T cells, including more T cells infected
with HTLV-1, thereby continuing the cycle. Furthermore, we
demonstrated that an interruption of this pathway represents a
promising strategy for treating HAM/TSP.

First, we identified the key chemokine involved in inducing the
migration of cells to sites of inflammation. We compared the CSF
and serum levels of several chemokines and demonstrated for the
first time that CXCL10 is the only chemokine of those studied that is
present at a significantly higher concentration in the CSF than in the
sera of patients with HAM/TSP. Although previous reports indicate
that CCL5 and CXCLO levels are also elevated in the CSF of patients
with HAM/TSP (Teixeira et al., 2004; Tanaka et al., 2008), we
showed that these two chemokines exhibit a concentration gradient
in the opposite direction (Fig. 1B). We previously measured the
levels of other chemokines such as CCL3, CCL4, CXCL11, CCL17,
CCL20 and CCL22 in the CSF and found that the levels of these
chemokines are negligible in patients with HAM/TSP (Sato, in press).
Importantly, we also previously demonstrated that CSF CXCL10
levels are correlated with the rate of disease progression (Sato, in
press). These findings suggest that CXCL10 is crucial for the devel-
opment of chronic inflammation in patients with HAM/TSP.
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In the present study, we found a positive correlation between
CSF CXCL10 levels and CSF cell counts (Fig. 1A), a high percent-
age of CXCR3-positive cells in the CSF (Fig. 2A and B;
92.4 4 7.0%), and perivascular accumulation of CXCR3* cells in
spinal cord lesions of patients with HAM/TSP (Fig. 2C). These
results strongly indicate that a high concentration of CXCL10 in
the spinal cord attracts CXCR3™ cells that include proinflammatory
cells (Qin et al., 1998; Sallusto et al., 1998; Thomas et al., 2003).
Intriguingly, the percentage of CXCR3™ cells among peripheral
blood mononuclear cells from patients with HAM/TSP was signifi-
cantly lower than that observed in asymptomatic carriers and
healthy donors, but not patients with adult T cell leukaemia
(Supplementary Fig. 3). CXCR3* peripheral blood mononuclear
cells are relatively few in patients with adult T cell leukaemia,
perhaps because of an increase in CCR4"CXCR3" tumour cells
in the peripheral blood (ishida et al., 2003). Although the precise
mechanism by which peripheral CXCR3* cells in patients with
HAM/TSP become diminished remains unclear, we believe that
many of these cells migrate into the CNS and coniribute to the
formation of spinal cord lesions. Other possible mechanisms
include migration to lymphoid organs such as lymph nodes or
the spleen. Because lymph nodes are important organs for
CXCL10-CXCR3 interactions in patients suffering from various dis-
eases (Groom et al., 2012; Sung ef al., 2012), future studies
analysing the lymph nodes of patients with HAM/TSP may pro-
vide a more complete understanding of HAM/TSP pathogenesis.

The discovery that CXCL10-CXCR3 interactions represeni an
important pathway for recruiting cells to the CNS in patients
with HAM/TSP prompted us to search the spinal cord lesions of
patients with HAM/TSP and identify the CXCL10-producing cells.
Firstly, we confirmed that CXCL10-producing cells are more nu-
merous in the spinal cords of patients with HAM/TSP than control
individuals (Fig. 3A). We also compared high and low inflamma-
tory regions within a single patient with HAM/TSP and found
more CXCL10-producing cells in the more inflamed region
(Supplementary Fig. 4), although the limitation of sampling from
only a single individual prevents us from extrapolating too freely
on the significance of this result. Although CXCL10 is secreted by
several cell types such as monocytes, endothelial cells, fibroblasts
and astrocytes in response to IFN-y (Luster and Ravetch, 1987;
Lee et al., 2009), our study demonstrated that astrocytes are the
major CXCL10-producing cells in thoracic spinal cord lesions in
patients with HAM/TSP (Fig. 3). Notably, the astrocytes examined
in this study were star-shaped with radiating cytoplasmic pro-
cesses, indicating high cytological activity (Fig. 3B and C). in the
CNS, CXCL10 is mainly produced by astrocytes; however, CXCL9
is primarily a product of microglial cells (Muller et a/., 2010).
Therefore, the finding that CXCL10 production is substantially
higher than CXCL9 production in the CSF (Fig. 1) suggests that
astrocytes are very active in HAM/TSP. This finding supports a
previous finding that gliosis is one of the main pathological fea-
tures of HAM/TSP (lwasaki, 1990; lzumo et al., 1992).

Next, we investigated the mechanism by which astrocytes pro-
duce CXCL10 in patients with HAM/TSP. CXCL10 is generally not
detectable in most non-lymphoid tissues under physiological condi-
tions; however, its synthesis is easily induced by cytokines, particu-
larly IFN-y. Therefore, it was important to determine the source of

IFN-y that stimulates astrocytes to produce CXCL10 in patients with
HAM/TSP. interestingly, we have shown that CD4* T cells from
patients with HAM/TSP spontaneously produce IFN-y and induce
CXCL10 production by U251 human astrocytoma cells via IFN-y
(Fig. 4), whereas CD4* T cells from healthy donors do not
induce CXCL10 production (data not shown). These results support
the hypothesis that there are interactions between HTLV-1-infected
CD4* T cells and astrocytes in patients with HAM/TSP in vivo that
may possibly initiate the first wave of CXCL10 production.
Moreover, this CXCL10 production may further induce the traffick-
ing of peripheral CXCR3* T cells. Importantly, we demonstrated
that a number of peripheral CXCR3* T cells are infected with
HTLV-1 (Fig. 2E), indicating that migration of peripheral CXCR3*
T cells into the CNS can induce further secretion of IFN-y that
continues the vicious cycle. In fact, HTLV-1-infected CD4™ T cells
and IFN-y-producing T cells have been detected in HAM/TSP spinal
cord lesions (Umehara et al, 1994; Moritoyo et al., 1996;
Matsuoka et al., 1998). Notably, more than half of the CXCR3™
T cells in the CSF of patients with HAM/TSP are CD8™ T cells
(Fig. 2D). It has been shown that CD8™ cytotoxic T lymphocytes
(CTLs), particularly HTLV-1-specific CTLs, have a high potential for
secreting IFN-y (Kubota et al., 2000; Hanon et al., 2001) and are
abnormally elevated in the CSF and spinal cord lesions (Nagai et al.,
2001a, b; Matsuura et al., 2010). Therefore, CXCL10 production by
astrocytes may further boost the trafficking of CXCR3™ -infected
CD4* T cells as well as CXCR3*CD8* CTLs that secrete IFN-y,
leading to a positive feedback-driven chronic inflammatory loop.

The results of the present study and other studies show that the
pathology of HAM/TSP is unique among immune disorders. Unlike
other inflammatory disorders such as multiple sclerosis or rheuma-
toid arthritis that exhibit Th17 as well as Th1 involvement
(Matusevicius ef al., 1999; Kirkham et al.,, 2006), HAM/TSP
pathogenesis appears to be dominated by the Th1 axis, particu-
larly CXCL10~-CXCR3 interactions. Our research indicates that the
characteristics of HTLV-1-infected T cells may be responsible for
the emphasis on the Th1 axis in HAM/TSP pathogenesis. We have
reported that cultured CD4* T cells from patients with HAM/TSP
clearly exhibit detectable production of IFN-y (a Th1 cytokine) but
not IL-17 (a Th17 cytokine) (Fig. 4B), and we previously demon-
strated that HTLV-1-infected T cells in patients with HAM/TSP
exhibit elevated IFN-y and reduced iL-17 production (Yamano
et al., 2009). Furthermore, HAM/TSP peripheral blood contained
more CXCL10 (Supplementary Fig. 1B) and fewer CXCR3™* cells
(Supplementary Fig. 3B) than asymptomatic carrier blood, suggest-
ing that a greater number of CXCR3™ cells had migrated out of
the periphery due at least in part to chemotaxis induced by ele-
vated CXCL10 production in the CNS. As the proviral loads of all
the samples used in the above experiment were roughly identically
high, it can be assumed that these characteristics are indeed fea-
tures of HAM/TSP pathogenesis as opposed to simple conse-
quences of having a high proviral load.

We suspect that a genetic predisposition for higher IFN-y or
CXCL10 production in response to HTLV-1 may exist. Recently,
systems biology approaches were used to show that a subset of
IFN-stimulated genes, including the gene encoding CXCL10, is
overexpressed in peripheral blood mononuclear cells of patients
with  HAM/TSP  compared with asymptomatic  carriers
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(Tattermusch et al., 2012). t will be important to test for an as-
sociation between genetic polymorphisms in interferon-associated
genes and the presence of HAM/TSP in future studies. The exist-
ence of this genetic predisposition would strengthen the argument
for Th1-dominance and explain why some infected individuals de-
velop HAM/TSP, whereas others remain life-long asymptomatic
carriers. Because it is well-known that interferons and products
of interferon-stimulated genes mediate antiviral responses (Randall
and Goodbourn, 2008), IFN-y and CXCL10 production in HTLV-1-
infected patients (Supplementary Fig. 1) may be considered a
normal immune response. However, once the production levels
surpass threshold and a CXCL10-CXCR3 amplification loop de-
velops, it may begin to cause tissue damage. Possible reasons
for CXCL10 overproduction in HAM/TSP include the presence of
a high number of HTLV-1-infected T cells (Nagai et al., 1998;
Yamano et al., 2002) and a genetic predisposition for higher
IFN-y and/or CXCL10 production in response to HTLV-1.

The ideal therapeutic strategy for treating HAM/TSP would be
eradication of HTLV-1-infected cells, but this has yet to be proven
possible. Another promising approach would be a receptor blockade
using anti~-CXCR3 neutralizing antibody, which has been reported to
be effective at blocking CXCR3 activity (Van den Steen et al.,
2008). Although we were unable to validate this effect using our
commercially available antibody, this certainly does not rule out a
receptor blockade as a therapeutic candidate. Our relative success at
disrupting inflammatory cell migration using anti-CXCL10 neutraliz-
ing antibodies (Fig. 5) suggests that targeting CXCL10 to interrupt
the positive feedback loop may be the mare promising new strategy
for effectively treating HAM/TSP. A noteworthy potential advan-
tage of anti-CXCL10 over anti-CXCR3 is that it may yield less
severe side effects as only interactions with CXCL10 rather than
all CXCR3 agonists would be blocked.

In conclusion, our data revealed novel insights into the patho-
genic processes of HAM/TSP. Our results suggest that CXCL10
plays a pivotal role in the development of chronic inflammatory
lesions where HTLV-1-infected T cells produce {FN-y, which induces
astrocytes to secrete CXCL10. This further boosts the trafficking of
CXCR3*-infected T cells that secrete IFN-y, leading to a virus-
induced CXCL10-CXCR3 inflammatory loop. Thus, HAM/TSP rep-
resents a pathological consequence of interactions that occur be-
tween the immune system and CNS. Understanding these complex
interactions should provide new insights into the functional regula-
tion of both systems and help uncover new therapeutic targets.
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Abstract

HTLV-1-infected control subjects were
chemokines and. other cytokines, and nin

Background: Human T-lymphotropic virus type 1 (HTLV- 1) “associated myelopathy/troplcal spastic parapares;s (HAM/T: SP) is

‘a rare chronic neuroinflammatory disease. Since the disease course of HAM/TSP varies among patients, there is a dire need
for biomarkers capable of predicting the rate of disease progression. However, there have been no studies to date that have
compared the prognostic values of multiple potential- biomarkers for: HAM/TSP. .

Methodology/Principal Fma’mgs. Penpheral blood ‘and cerebrosplnal ﬂuxd (CSF “samples from HAM/TSP patients and
ained and tested retrospectively for several po’centlal biomarkers; including
optimal candidates were selected based on receiver operating characterlstlc

(ROC) analysis: Next, we evaluated the relationship between these candidates and the rate of disease progression in HAM/
TSP patients, beginning with a first cohort of 30 patients (Training Set) and proceeding to a second cohort of 23 patients

Score (OMDS)) over four years and.“stable HAM/TSP" as unchanged or only slightly worsened function (1 grade on OMDS)

over four years, and we compared the levels of the candidate biomarkers in patients divided into these two groups. The CSF

~ levels of chemakine (C-X-C motif) ligand 10 (CXCL10), CXCLY, and neopterin were well-correlated with disease pmgress;on,
~better even ‘than HTLV1 pravtral foad m PBMCs Importantly, these results were validated usmg the Test Set

- Conclusions/Significance: As the CSF Ievels of CXCL10, CXCLY, and necptenn were the most strongly correlated. w;th rate of
disease progression, they represent the most-viable candidates for HAM/TSP prognostic biomarkers, The identification of

: optrons, and more productwe clinical tnals.
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- (Test Set). We defined “deteriorating HAM/TSP" as distinctly worsening function {3 grades on Osame's Motor Disability :

effective prognostic biomarkers could lead to- earlier detecuon of h;gh-nsk panents, mare patlent specsf ic_treatment:

Introduction

Human T-lymphotropic virus type 1 (HTLV-1) is a human
retrovirus associated with persistent infection of T-cells [1]. While
the majority of HTLV-l-infected individuals remain asymptom-
atic, approximately 2.5~5% develop an aggressive T-cell malig-
nancy, termed adult T-cell leukemia (ATL) [2,3] and 0.3-3.8%
develop a serious chronic neuroinflammatory disease, termed
HTLV-l-associated myelopathy/tropical ~spastic paraparesis
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(HAM/TSP) [4-6]. Aside from Japan, endemic areas for this
virus and the associated disorders are mostly located in developing
countries in the Caribbean, South America, Afiica, the Middle
East, and Melanesia [7,8], which may explain why these
conditions have remained ill-defined and virtually untreatable
for so long [9].

HAM/TSP is characterized by unremitting myelopathic
symptoms such as spastic paraparesis, lower limb sensory
disturbance, and bladder/bowel dysfunction [10,11]. Although
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Author Summary

HTLV-1-associated myelopathy/tropncai spastlc paraparésis
(HAM/TSP) is a rare neurodegenerative disease caused by
infection with human T-lymphotropic virus type 1. HTLY-

1); HTLV-1 infects 10-20 million people worldwide, and,
depending on the region, 0.25-3.8% of infected individuals =
develop HAM/TSP. As the disease progresses, chronic
inflammation damages the spinal cord and-lower limb and -

~bladder function gradually. decline. In the worst: cases,

“even ~middle-aged. patients. can. become perpetually:
bedridden. Today, there are treatments that may:alleviate.
the symptoms to a certain'degree, but there is no cure that
can halt  disease progression, and there are no known
biomarkers to. indicate the. level and speed of disease

- progression. In this study, we successfully identified three

' promising candidate biomarkers. We believe that the use
of these biomarkers could lead to more accurate progno- -
ses. and more prudent, patient-specific treatment plans.
We not only hopethat these biomarkers are sensitive
enough to use as selection criteria for clinical trials, but
also that measurements of these biomarkers can be used
to accuratety ‘evaluate drug effectiveness. In short, the
biomarkers we identified have the potential to help more -
“ effectively treat current. HAM/TSP patients and to pave the
way for new drugs to potenually cure future HAM/FSP' .
“patients, © :

the symptoms of HAM/TSP have been well documented for quite
some time, the rate at which these symptoms progress has only
recently become a point of interest. The clinical course of HAM/
TSP has classically been described very simply as insidious onset
and continuous progression [12], but recent reports have hinted at
a more complex, heterogeneous pool of patients with differing
clinical needs. Recent studies have shown that although HAM/
‘TSP usually progresses slowly and without remission as per the
classical description, there is a subgroup of patients whose
conditions decline unusually quickly and who may be unable to
walk within two years of onset and another subgroup whose
conditions decline unusually slowly and who may only display very
mild symptoms [13~15]. It is only logical that these patients should
receive treatments tailored to suit their individual needs rather
than identically aggressive treatments. Unfortunately, clinicians
are currently only able to distinguish between these different
groups by observing the way a patient’s disease progresses over
time, usually years; clinicians often decide to treat the patients
immediately and identically rather than wait and allow the disease
to progress further. Therein lies the dire need for biomarkers with
the power to forecast the rate and extent of discase progression
and enable clinicians to make more accurate prognoses and
prescribe the most appropriate and effective treatments in a timely
manner.

Several candidate prognostic biomarkers with elevated levels in
HAM/TSP patients have already been identified in the peripheral
blood and cerebrospinal fluid (CSF). In the peripheral blood, such
candidates include the HTLV-1 proviral load in peripheral blood
mononuclear cells (PBMCs) and serum levels of the soluble IL-2
receptor (sIL-2R) [16,17]. The level of neopterin in the CSF has
been reported to be a useful parameter for detecting cell-mediated
immune responses in the spinal cord of HAM/TSP patients and
the CSF anti-HTLV-1 antibody titer has been shown to be
associated both with CSF neopterin levels and the severity of
clinical symptoms [18-20]. In addition, several cytokines have
been detected in the CSF and/or spinal cord of HAM/TSP
patients, including interleukin (IL)-1B, granulocyte-macrophage
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colony-stimulating factor (GM-CSF), interferon (IFN)-y, and
tumor necrosis factor (TNF)-o [21-24]. Some chemokines, such
as chemokine (C-X-C motif) ligand (CXCL) 9, CXCL10, and
chemokine (C-C motif) ligand (CCL) 5, have been shown to be
substantially elevated in both the blood and the CSF with respect
to asymptomatic carriers (ACs) or patients with other neurological
diseases such as multiple sclerosis [25-28]. This is the first study to
compare the adequacies of several of these candidate biomarkers
for forecasting the rate of disease progression.

We hypothesized the existence of biomarkers capable of
differentiating stable and deteriorating HAM/TSP patients. In
this retrospective study, a preliminary experiment was first
conducted to select the most promising candidate biomarkers by
comparing blood and CSF levels in HAM/TSP patients and
control subjects (Figure S1). Four candidate blood markers (sIL-
2R, CXCLY, CXCL10, and proviral load) and five candidate GSF
markers (CXCL9, CXCLIO, neopterin, cell count, and anti-
HTLV-1 antibody titer) were selected. To evaluate the relative
effectiveness of these candidate biomarkers for predicting rate of
disease progression, a classification system was created and HAM/
TSP patients were designated as either deteriorating or relatively
stable. The levels of candidate biomarkers were then compared
between the two patient groups. In the current study, we identified
three viable candidates for HAM/TSP prognostic biomarkers that
could lead to more accurate prognoses and more prudent, patient-
specific treatment plans.

Materials and Methods

Ethical considerations

The study was designed and conducted in accordance with the
tenets of the Declaration of Helsinki. The protocol in this study
was approved by the Ethics Review Committee of St. Marianna
University School of Medicine (No. 1646). Prior to the collection
of blood or CSF samples, all subjects gave written informed
consent permitting the analysis of their samples for research
purposes as part of their clinical care.

Subjects

Between April 2007 and February 2013, we enrolled 53 HAM/
‘TSP patients according to the inclusion and exclusion criteria
shown in Table 1, and divided them into two cohorts based on the
chronological order of their doctor’s visits: a 30-patient Training
set and a 23-patient Test set. Demographics and clinical
characteristics of the Training set and Test set are shown in
Table 2 and Table 3, respectively. Between April 2007 and
December 2009, we enrolled 22 HTLV-1-infected ACs as control
subjects for blood analysis and eight HTLV-I-infected subjects
(seven ACs, one patient with smoldering ATL) as control subjects
for CSF analysis according to the inclusion and exclusion criteria
shown in Table 1. These two groups were not mutually exclusive;
some ACs donated both blood and CSF to this study.
Demographics of control subjects as compared to the HAM/
TSP patients are shown in Table S1.

Sample preparation

Blood and/or CSF samples were obtained within a one-hour
window for each subject. Peripheral blood samples were collected
in heparin-containing blood collection tubes and serum-separating
tubes. Plasma and PBMCs were obtained from the former tubes
and serum was obtained from the latter. PBMCs were isolated
with standard procedures using Pancoll® density gradient centri-
fugation (density 1.077 g/mL; PAN-Biotech GmbH, Aidenbach,
Germany). Plasma and serum samples were stored at —80°C until
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Table 1. Inclusion and exclusion criteria for this study.

Candidate Prognostic Biomarkers for HAM/TSP

HAM/TSP

Control for Blood Controf for CSF

Inclusion Criteria Willing and able to give informed consent

Diagnosed with HAM/TSP as defined by WHO criteria

HTLV-1 seropositive individuals conformed by CLEIA and Western blot

Choose to provide CSF forthe
purposes of differential

Exclusion Criteria History of with corti ids or other i

etc)

four years .
Diagnosed with adult T-cell leukemia (ATL)

: diagnosis
dmjs cyclosporil e etc)
Diagnosed with an auteimmune dise;se or other chronic inflammatory disarder aside from HAM/TSP
Diagnosed with additional diseasé affecting gait di {eg. i i id arthritis, cervical spondylosis, brain infarction,

History of severe urinary infection; decubitus scars, pneumonia; deep venous .. Diagnosed with HAM/TSP as-defined by WHO criteria
thrombosis, or other condition potentially affecting disease course within the last ; 8

CLEIA = chemiluminescent enzyme immunoassay.
doi:10.1371/journal.pntd.0002479.t001

use. CSF was collected in polypropylene tubes. A small amount of
CSF was used for routine laboratory tests, which included total
protein, cell count, and IgG level. The remaining CSF was
aliquoted into cryotubes and stored at —80°C until undergoing
further analysis. All tests in this study were performed on samples
from these frozen stocks.

Measurement of blood candidate markers

The serum concentration of sIL-2R was determined using an
ELISA (Cell Free N IL-2R; Kyowa Medex Ltd., Tokyo, Japan).
HTLV-1 proviral load was measured using real-time PCR,
following DNA extraction from PBMCs, as previously described
[29-31]. Plasma levels of IL-1B, TNF-o, and IFN-y were
measured using a cytometric bead array (CBA) (BD Biosciences,
Franklin Lakes, NJ USA), which was used according to the
manufacturer’s instructions. Plasma concentrations of CXCLS9,
CXCL10, CXCL11, and CCL5 were also measured using 2 CBA
(BD Biosciences).

Measurement of CSF candidate markers

CSF cell count was determined using the Fuchs-Rosenthal
chamber (Hausser Scientific Company, Horsham PA USA). Total
protein and IgG levels in the CSF were measured using a
pyrogallol red assay and a turbidimetric immunoassay, respec-
tively. The anti-HTLV-1 antibody titer was determined using the
gelatin particle agglutination test (Serodia-HTLV-1; Fujirebio,
Tokyo, Japan). CSF concentration of sIL-2R was determined
using an ELISA (Cell Free N IL-2R; Kyowa Medex). CSF
neopterin level was measured using high-performance liquid
chromatography. IFN-y and six chemokines (CXCL9, CXCLI0,
CXCL11, CCL3, GCL4, and CCL5) were measured using a CBA
(BD Biosciences). The CSF concentrations of three chemokines
(CCL17, CCL20, and CCL22) and IL-17A were measured using
commercially available ELISA kits (CCL17, CCL20, and CCL22:
TECHNE/R&D Systems, Minneapolis, MN USA; IL-17A: Gen-
Probe, San Diego, CA USA). All assays were conducted according
to the respective manufacturers” instructions.

Table 2. Demographics and clinical characteristics of HAM/TSP patients (Training Set).

Total Stable HAM/TSP Deteriorating HAM/TSP

n=30 n=14 n=11 pvalue”
Demographics
Age,y" 58 [37-75) 54,5 [39-75] 62 [53-72] 00183
Female sex 80.0% 64.3% 90.9% 0.1696%
Clinical characteristics
Age of onset, y™ 48 [20-70] 33 [20-58] 57 [40-70) 0.0021%
Disease duration, y™ 125 [1-33] 19 [7-33) 9 [1-13] 0.0021*
omps™ 6 [2-11] 5[2-9] 8 [5-11] 0.0065"

In the Training set,
more severely disabled (OMDS).

*Stable HAM/TSP vs Deteriorating HAM/TSP.
**Data are expressed as median frange].
By Mann-Whitney test.

*By Fisher's exact test.

OMDS = Osame’s Motor Disability Score.
doi:10.1371/journal.pntd.0002479.t002

patients were si
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older, experienced disease onset later in life, had been living with the disease for shorter periods, and were
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Table 3. Demographics and clinical characteristics of HAM/TSP patients (Test Set).

Total Stable HAM/TSP Deteriorating HAM/TSP

n=23 n=11 n=9 pvalue’
Demographics .
Age,y" 58 [22-75] .61 [22-75) 59 (48-68] 0.8491"
Femalé sex ' 78.3% 81.8% 77.8% 1.000%
Clinical characteristics
Age of onset, y 43 [12-70] - a0na70) 51 [39-63] 00184
Disease duration, y™ 9 [2-411 19 [5-411 6 (2-14] 00148
OMDS™ 512-8] s 5 [4-8] 04526

differences in current age or OMDS.

*Stable HAM/TSP vs Deteriorating HAM/TSP.
**Data are expressed as median [range].
By Mann-Whitney test.,

By Fisher's exact test.

OMDS = Osame’s Motor Disability Score.
doi:10.1371/journal.pntd.0002479.£003

Classification system based on the natural history of
HAM/TSP

The 53 total HAM/TSP patients without any history of HAM/
TSP-targeting treatments were interviewed using a questionnaire
(Figure S2) to determine the changes in Osame’s Motor Disability
Score (OMDS) over time (Figure $3). OMDS is a standardized
neurological rating scale as a measure of disability [10] (Figure S1).
Based on the changes in OMDS, “deteriorating cases” and “stable
cases” were identified in both the Training set and Test set patient
cohorts. Patients with deteriorating HAM/TSP were defined as
those whose OMDS worsened =3 grades over four years and
patients with stable HAM/TSP were defined as those whose
OMDS remained unchanged or worsened 1 grade over four years.
Patients whose OMDS worsened 2 grades over four years were
excluded from the patient cohort in order to create a larger gap
between the deteriorating and stable patient groups.

Statistical analysis

GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA USA)
was used to plot graphs and perform statistical analyses. Differences
between the two subject groups were tested using the Mann-
Whitney U-test. Receiver operating characteristic (ROC) analysis
was performed to examine the sensitivity and specificity of
individual biomarkers. For the ROC analyses, an area under the
ROC curve (AUQ) of 1.0 was used to represent a perfect test with
100% sensitivity and 100% specificity, whereas an area of 0.5 was
used to represent random discrimination. Spearman’s rank
correlation test was employed to investigate the correlation between
the four CSF markers (CXCL10, CXCL9, neopterin, and cell
count) and the proviral load in PBMCs. To compare the four CSF
markers between three groups (HTLV-l-infected control, n=8;
stable HAM/TSP, n=25; and deteriorating HAM/TSP, n=20),
we used the Kruskal-Wallis test followed by Dunn’s post-hoc tests.
P-values<<0.05 were considered statistically significant.

Results

Identification of biomarkers elevated in the blood of

HAM/TSP patients
In order to identify candidate blood markers for HAM/TSP,
the concentrations of IL-1B, TNF-o, and IFN-y were measured in
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In the Test set, deteriorating patients experienced disease onset later in life and had been living with the disease for shorter periods, but there were no significant

plasma samples from four ACs and four HAM/TSP patients.
Plasma levels of IL-1p and TNFa were below the detection limits
(<2.3 pg/mL and <1.2 pg/mL, respectively) except in one patient
with HAM/TSP. Plasma IFN-y levels showed no significant
differences between ACs and HAM/TSP patients (median
10.4 pg/mL and 13.9 pg/mL, respectively). Therefore, these
quantities were not measured in additional samples (Figure S1).
The proviral DNA load in PBMCs, serum sIL-2R, and plasma
levels of the chemokines GXCL9, CXCL10, CXCLI11, and CCL5
were also measured in 22 ACs and 30 HAM/ TSP patients without
any history of immunomodulating treatments, including corticoste-
roids, IFN-¢, and immunosuppressive drugs. The results revealed
that serum levels of SIL-2R, plasma levels of CXCL10 and CXCL9,
and proviral DNA load in PBMCs were markedly higher in HAM/
TSP patients compared to ACs ($=0.0001, Figure 1A). These
quantities were then compared using ROC analysis to determine
which parameters were superior markers for HAM/TSP. From the
results of the ROC analysis, we determined that serum sIL-2R and
plasma CXCLIO had the highest potential for distinguishing
HAM/TSP patients from ACs with high sensitivity and specificity
(area under the ROC curve [AUC]>0.9), followed by plasma
CXCL9 and HTLV-1 proviral load in PBMCs (0.8<AUC<0.9)
(Figure 1B). Thus, four candidate blood biomarkers were selected
for further investigation: serum sIL-2R, plasma CXCL10, plasma
CXCL9, and HTLV-1 proviral load in PBMCs.

Identification of biomarkers elevated in the CSF of HAM/
TSP patients

In order to identify candidate CSF markers for HAM/TSP,
elevated levels of various potential markers were screened for in
CSF samples from HAM/TSP patients. GSF IL-17A was
detectable (>3.0 pg/mL) in only one of eight HAM/TSP patients
screened (including six deteriorating-type patients), and the level in
this one patient (deteriorating-type) was negligible (4.0 pg/mL).
CSF IFN-y was detectable (>>1.8 pg/mL) in only 3 of 10 HAM/
TSP patients screened (six deteriorating patients), and the levels in
all three were negligible (range 3.3—4.2 pg/mL). Therefore, these
cytokines were not measured in additional patients. Total protein,
cell count, IgG, neopterin, sIL-2R, and nine chemokines (GXCR3
ligands: CXCL9, CXCL10, and CXCL11; CCRS5 ligands: CCL3,
CCLA4, and CCL5; GCR4 ligands: CCL17 and CCL22; CCR6
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Figure 1. Selection of didate bi k in the blood by comparing HAM/TSP patients and asymptomatic carriers. {A) Serum

levels of soluble IL-2 receptor (sIL-2R), proviral foads in peripheral blood mononuclear cells (PBMCs), and plasma levels of four chemokines
(chemokine (C-X-C motif) ligand (CXCL) 9, CXCL10, CXC11, and chemokine (C-C motif) ligand (CCL) 5) were compared between HAM/TSP patients
(HAM; n=30) and asymptomatic carriers (AC; n=22). Horizontal bars indicate the median values. The Mann-Whitney U-test was used for statistical
analysis. (B) Receiver operating characteristic (ROC) analysis was employed to assess the sensitivities and specificities of the six markers exhibited in
part (A) for discriminating HAM/TSP patients from ACs: greater proximity of the ROC curve to the upper left corner indicates higher sensitivity and
specificity of the marker. AUC=area under the ROC curve; 95% Ci=95% confidence interval.
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Figure 2. Selection of candidate biomarkers in the cerebrospinal fluid {CSF) by ing HAM/TSP p and control

{A) CSF levels of total protein, cell count, lgG, neopterin, slL-2R, and nine chemokines (CCL3, CCL4, CCLS, CXCLY, CXCL10, CXC11, CCL17, CCL20, and
CCL22) were measured and compared between HAM/TSP patients (HAM; n=30) and HTLV-1-infected control subjects (control; n=eight: seven ACs
and one ATL patient). Data is shown for the top six CSF markers ranked according to the significance of the difference between the HAM/TSP patients
and the control subjects. Horizontal bars indicate the median values. The Mann-Whitney U-test was used for statistical analysis. (B) ROC analysis was
employed to assess the sensitivities and specificities of the six markers exhibited in part (A) for discriminating HAM/TSP patients from controls.

doi:10.1371/journal.pntd.0002479.g001

ligand: CCL20) were also measured in the CSF of 30 untreated
HAM/TSP -patients and in eight HTLV-l-infected control
subjects (seven ACs and one patient with smoldering ATL). The
results indicated that CSF levels of CXCLIO, neopterin, and
CXCLY were remarkably higher in HAM/TSP patients com-
pared to control subjects (p<<0.0001 overall, Figures 2A and S4)
and that CSF levels of cell count and CCLS were less so but still
significantly higher ($=0.0019 and p=0.0119, respectively;
Figure 2A). By contrast, there were no differences in the CSF
levels of IgG and total protein between HAM/TSP patients and
control subjects, and CSF sIL-2R levels were only detectable in a
single HAM/TSP patient (data not shown). ROC: analysis showed
that the GST levels of CXCL10, neopterin, CXCLS, and CSF cell
count could be used to relatively accurately distinguish HAM/TSP
patients from control subjects (AUC>0.8) (Figure 2B). Therefore,
these four CSF markers were sclected as candidates for further
investigation. It should be noted that the sensitivity of CSF cell
count was very low (36.7%) when compared to the other three:
CXCLI0 (83.3%), CXCL9 (86.7%), and ncopterin (76.7%)
(Figure S5).

Identification of biomarkers correlated with rate of HAM/
TSP disease progression

In short, we selected nine markers: eight markers chosen based
on the analyses described above and CSY anti-HTLV-1 antibody
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titer, which is a known diagnostic marker for HAM/TSP. To
determine which biomarkers were associated with HAM/TSP
disease progression, the levels of these nine markers were
compared between the deteriorating and stable HAM/TSP
patient groups {see Methods for definitions of deteriorating and
stable). The results revealed that all five CSF markers were
significantly higher in the deteriorating group compared to the
stable group (Figure' 3A), but that none of the four blood markers,
including proviral load, were significantly different between the
two groups. The deteriorating group included three patients with
particularly rapidly progressive HAM/TSP, defined as those who
had been confined to wheelchairs (OMDS: = grade 6) within two
years after the onset of symptoms [13,14] (black circles in
Figures 3A and S3B). These rapid progressors exhibited high
levels of the CSF markers and high proviral loads. ROC analysis
revealed that the levels of the CSF markers (CXCL10, CXCL9,
neopterin, and cell count), but not anti-HTLV-1 antibody titer,
distinguished clearly between patients with deteriorating HAM/
TSP and stable HAM/TSP (AUC>0.8, Figure 3B).

Validation of nine candidate biomarkers using the Test
Set

To validate the results obtained using the Training Set, the
same nine markers were compared between deteriorating and
stable patients using the Test Set (a second cohort of 23 HAM/
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AUC=area under the ROC curve; 95% Cl=95% confidence interval.
doi:10.137V/journal.pntd.0002479.g002

TSP patients that had not undergone HAM/TSP-targeting
treatment). As shown in Figure 4A, the results indicated that the
levels of five CSF markers, proviral load in PBMCs, and serum
sIL-2R were significandy higher in deteriorating cases than in
stable cases. Among them, CSF levels of CXCL10, CXCLS9,
neopterin, and CSF cell count exhibited particularly high
sensitivities and specificities for detecting the deteriorating
HAM/TSP cases in the Test set as well as Traming set
(AUC>0.8, Figures 4B and S1).

Demographic and clinical characteristics of the subjects

The demographics of the HAM/TSP patients versus the
control subjects for both the blood tests and CSF analyses were
compared and evaluated for statistical significance (Table S1).
There were no significant differences in age or gender
distribution between the HAM/TSP patients and either control
subject group.

Similarly, the demographic and clinical characteristics of stable
versus deteriorating HAM/TSP subjects in both the Training and
Test sets are shown in Tables 2 and 3, respectively. There were no
significant differences in age or gender distribution among either
set, but deteriorating patients in both sets were significantly older
at disease onset and had been living with the disease for shorter
periods of time. Deteriorating patients in the Training set scored
higher OMDS values than their stable counterparts (p<<0.01), but
there was no such significant difference in the Test set.

PLOS Neglected Tropical Diseases | www.plosntds.org 6

To investigate the potential influence of disease duration as a
secondary variable, a new test group was created containing only
those patients for whom the disease onset date was 7-13 years
prior to the sample collection day. Patients fitting this criterion
were selected from the 53 total available from both the Training
and Test sets: eight stable patients and ten deteriorating patients;
we confirmed that there was no significant difference in disease
duration between these two groups. The results remained
consistent with our previous findings: CSF CXCL10, CXCL9,
and neopterin were all elevated in deteriorating patients with
respect to stable patients (p<<0.01, Figure 5).

Follow-up mini-study on biomarker levels over time

Four stable HAM/TSP patients were left completely untreated
and followed for a period of three to five years. Within this time,
one patient rose one grade on the OMDS scale, and the other
three experienced no change in OMDS grade at all. The levels of
CSF CXCL10 and neopterin remained consistently low over time
(Figure S6).

Discussion

To date, there have been few well-designed studies that have
evaluated the relationship between biomarkers and HAM/TSP
disease progression. In a previous retrospective study with 100
untreated HAM/TSP patients, a significant association was
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doi:10.1371/journal.pntd.0002479.g003

demonstrated to exist between higher HTLV-1 proviral load in
PBMCs and poor long-term prognosis; however, the predictive
value of high proviral load appeared to be too low to qualify it as a
marker for disease progression in clinical practice [32]. Here we
conducted a retrospective study to compare for the first time the
relationships of PBMC proviral load and several inflammatory
biomarker candidates to discase progression in untreated HAM/
TSP patients.

In this study, elevated CSF cell count, neopterin concentra-
tion, and CSF levels of CXCL9 and CXCLI0 were well-
correlated with disease progression over the four year period
under study, better even than HTLV-1 proviral load in PBMCs
(Figures 3 and 4). As CSF pleocytosis, CSF CXCL10, CSF
CXCLY, and CSF neopterin are known indicators of inflam-
mation in the central nervous system [33,34], our findings
indicate that the ratc of HAM/TSP progression is more closely
reflected by the amount of inflammatory activity in the spinal
cord than by the PBMC proviral load. However, we also found
a significant correlation between PBMC proviral load and the
levels of the GSF markers identified in this study (Figure S7),
indicating that a higher PBMC proviral load does indeed
suggest more inflammation in the spinal cord and therefore a
poorer long-term prognosis. These findings are consistent with
the theory that HAM/TSP is the result of an excess of
inflammatory mediators caused by the presence of HTLV-1-
infected T-cells [35-37].
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The HTLV-1 proviral load in the CSF as well as the ratio of the
proviral load in the CSF to that in PBMCs have been reported to
be effective for discriminating HAM/TSP patients from ACs or
multiple sclerosis patients infected with HTLV-1 [38,39). Some
researchers have suggested that these values might be associated
with the rate of disease progression, but there has been only one
small cohort study and one case report investigating this point, and
so the significance of this experimental evidence is still question-
able {40,41]. In addition to statistical validation with multiple,
larger cohorts, it would also be beneficial to use precise definitions
for progressive versus stable patients, as we have done in this study.
Although the volume of CSF available per sample was too limited
to measure CSF proviral load in the present study, we plan to
incorporate CSF proviral load in a future prospective study and
compare its usefulness to that of other biomarker candidates.

TFrom our results, we concluded that of the potential biomarkers
under study, CXCL10, CXCL9, and neopterin are the most fit for
determining the level of spinal cord inflammation, and thus the
most fit for predicting discase progression in HAM/ TSP patients.
Although the CSF cell count is an easily measurable inflammatory
marker, it is not sensitive enough to reliably detect the level of
spinal cord inflammation. Numerous patients with CSF cell counts
within the normal range exhibited high levels of other inflamma-
tory markers, such as neopterin and CXCL10 (Figure 85). In fact,
it has been reported that CSF pleocytosis is present in only
approximately 30% of HAM/TSP patients [42]. Furthermore, in
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confidence interval.
doi:10.1371/journal.pntd.0002479.g004

our study, there was no significant difference in GSF cell count
between the control subjects and the stable HAM/TSP patients
(Figure $8).

We also explored the possibility of combining multiple
biomarkers via multiple logistic regression to form a combination
more sensitive and specific than individual markers, but the results
indicated that there is not much to be gained from combinations
(data not shown).

‘While there were no significant demographic differences
between subject groups, the clinical characteristics of stable versus
deteriorating HAM/TSP patients of course differed widely
(Tables 2, 3, and $2). We confirmed the already well-reported
statistic that deteriorating patients experience HAM/TSP onset
relatively late in life [12,14,20] ; our data also reflected the short
discase duration expected of deteriorating patients, who by
definition progress through the disease more rapidly than their
stable counterparts. As patients in all groups were of similar age at
sample collection, the significant difference in age of onset should
not have any impact on our findings. However, it was necessary to
consider the possibility that those patients in a later stage of the
disease (i.e. those listed with longer disease durations) might
possess elevated or diminished biomarker levels regardless of rate
of disease progression. We confirmed that this difference in disease
duration was not a confounding factor in our selection of
candidate biomarkers by comparing stable and deteriorating
HAMY/TSP patients with similar disease durations (7-13 years),
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and we were able to obtain results consistent with our earlier
findings (Figure 5). Finally, the OMDS values for the stable and
deteriorating patient groups in the Test set were perfectly
identical, eliminating the need to consider the possibility that the
biomarkers could have been elevated according to disease severity
regardless of rate of progression.

The main limitation of our retrospective study is that our
samples were collected from patients at the end of the four year
period during which the extent of progression was analyzed as
opposed to the beginning of the four year period, which would
have been optimal for directly measuring their prognostic powers.
Of course, the patients with severe HAM/TSP symptoms began
undergoing treatment soon after sample collection, rendering any
obscrvations on disease course after sample collection un-useable
for analysis in this study. While this situation is non-ideal, we
hypothesize that biomarker levels in a given patient do not
substantially change over a few years’ time. We were actually able
to monitor the biomarker levels of four untreated HAM/TSP
patients over 3-5 years, and the levels remained relatively stable in
all four subjects over time (Figure S6), supporting our hypothesis.
However, these were all stable HAM/TSP patients (hence the lack
of treatment), and so we cannot rule out the possibility that
biomarker levels in untreated deteriorating patients may dramat-
ically rise, fall, or fluctuate. The results of the analysis of patients
with similar disease durations (Figure 5) also support our
hypothesis that disease duration is not an important determinant
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Figure 5. Comparison of potential markers in stable and deteriorating HAM/TSP patients with similar disease durations. (A) Five CSF
marker candidates (CXCL10, CXCL9, neopterin, cell count, and anti-HTLV-1 antibody titer) and four blood marker candidates (proviral load in PBMCs,
serum slL-2R, plasma CXCL9, and plasma CXCL10) were compared among all patients from both the Training and Test Sets pooled together with
similar disease durations (range: 7-13 years; no significant difference in duration between stable (n=8) and deteriorating (n= 10) groups). Data is
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bars indicate the median values. The Mann-Whitney U-test was used for statistical analysis. (B) ROC analysis was employed to assess the sensitivities
and specificities of the nine markers listed above for discriminating deteriorating HAM/TSP patients from stable patients while controlling for disease
duration. AUC=area under the ROC curve; 95% Cl=95% confidence interval.

doi:10.1371/journal.pntd.0002479.g005

of biomarker levels, but it is of course not conclusive. We expect
that a prospective study in the future will reveal the answer to this
question.

The results of this study indicate that CXCL9 and/or CXCL10
may play a key role in the pathogenesis of HAM/TSP by
recruiting more inflammatory cells to the spinal cord lesions. In
this study, we measured the levels of the chemokines in the GSF
that might play a part in inducing the migration of T-helper (Th)
cells. CD4" Th cells differentiate from naive T-cells to members of
the Th subset (e.g., Thl, Th2, Th17, or Treg cells), and each one
expresses its own characteristic chemokine receptors [43]. Usually,
Thl cell express CCR5/CXCR3 receptors, Th2 and Treg cells
express GCR4, and Thl7 express CCR6. Interestingly, CCR4
ligands (CCL17 and, CCL22) and the CCR6 ligand (CCL20) were
not detected in the CSF of HAM/TSP patients. Moreover, of the
CCRS5 ligands, only CCL5 was elevated, but only slightly, and
there was no association with rate of disease progression. Of the
CXCR3 ligands, only CXCL9 and CXCL10 were correlated with
the rate of disease progression. These results show that the
pathology of HAM/TSP is unique among immune disorders in
that, unlike other inflammatory disorders such as muitiple sclerosis
or rheumatoid arthritis that exhibit Thl7 as well as Thl
involvement, the chemokine involvement in HAM/TSP is Thi-
dominant. In a previous study, cytokines produced by HTLV-1-
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infected T-cells in HAM/TSP patients were analyzed, and the
results showed that IFN-y was elevated and IL-17 reduced [43,44].
Taken together, the results of these studies indicate that the
characteristics of HTLV-1-infected T-cells themselves may be
responsible for the Thl-dominant chemokine production observed
in HAM/TSP. Also, these results suggest that the CXCR3-ligand
(CXCL9 and GXCLI10) interactions play an important role in the
pathophysiology of HAM/TSP. Recently it was established that
these CXCR3-ligand interactions are extremely important for the
pathogenesis of several neurological disorders [33]. Therefore,
future research on the significance of these interactions in the
pathogenic process of HAM/TSP will be important for clarifying
the suitability of CXCL9 and CXCLIO as biomarkers or
therapeutic targets.

In conclusion, in this retrospective study, we have demon-
strated that GSF levels of CXCL10, CXCL9, and neopterin are
promising candidate prognostic biomarkers for HAM/TSP.
These biomarkers may provide a means for the early identifi-
cation of patients at increased risk of debilitating disease
progression, those that may need anti-inflammatory therapies
to limit or prevent this, and for evaluating the efficacy of such
therapies. This initial identification of prognostic biomarkers for
HAM/TSP should be followed by a future multicenter
prospective clinical study.
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Supporting Information

Figure 81 Diagram illustrating the biomarker selection
process. A total of 26 biomarker candidates including 9 in the
blood and 17 in the CSF underwent the following selection
processes: 1) pre-screening of the cytokines for presence in HAM/
TSP patients, 2) selection for markers elevated in HAM/TSP
patients with respect to controls (AUC>0.8), 3) selection for
markers elevated in deteriorating HAM/ TSP patients with respect
to stable patients (AUG>0.8) in a cohort termed the Training Set,
4) validation of the selected markers by evaluating again
(AUC>0.8) in a second cohort termed the Test Set. The
darkening of an arrow’s color represents that marker’s failure to
meet the selection criteria, and the termination of an arrow
indicates that no further testing was conducted for that marker.
CYT =cytokine, HTLV-1 PVL=HTLV-] proviral load, Ab
Titer =anti-HTLV-1 antibody titer, AUC=area under the
ROC curve.

(TTH)

Figure S2 Questi ire on the develop of motor
disability over time as measured using Osame’s Motor
Disability Score (OMDS). The first and second columns
indicate the OMDS numerical value and description, respectively.
Doctors interviewed the patients and filled in the table according
to the following instructions: in the bottom row, write the ages at
which symptoms listed to the left first appeared, and above the age
check the box in the row corresponding to the symptom.

(TIF)

Figure S3 Rate of disease progression in HAM/TSP
patients without any history of HAM/TSP-targeting
treatment. Each line illustrates the change in OMDS over time
for an individual patient after disease onset for (4) all patients in
the Training Set (n=30) and (B, left) only deteriorating patients
(n=11) including three particularly rapidly progressive patients
(shown as solid black circles) and (B, right) only stable patients
=14,

(I1m)

Figure 84 Comparison of CSF levels of nine chemokines
in control subjects and HAM/ TSP patients. The CSF levels
of nine chemokines (CCR5 ligands: CCL3, CCL4, and CCLS5;
CXCR3 ligands: CXCL9, CXCL10, and CXCL11; CCR4
ligands: CCL17 and CCL22; CCR6 ligand: CCL20) were
compared between control subjects (control; n=8) and HAM/
TSP patients (HAM; n=30). Horizontal bars indicate median
values. The Mann-Whitney U-test was used for statistical analysis.

(TIF)

Figure S5 Low sensitivity of CSF cell count for detection
of HAM/TSP. (A) Sensitivities of four potential CSF markers for
detection of HAM/TSP. For CSF CXCL10, CXCL9, and
neopterin, dotted lines indicate reference values, defined as mean
for control subjects +3 standard deviations. For CSF cell count, the
dotted line represents the pre-established reference value of 15/
3 mm®. The sensitivity of CSF cell count was much lower than
those of the other CSF markers. (B) Direct comparison of the
sensitivities of CSF cell count and the other three CSF markers.
The horizontal dotted lines all represent the reference value for
CSF cell count (<15/3 mm®), and each vertical dotted line
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indicates the reference value for each of the other CSF markers.
With these lines drawn, one can see in the shaded area the
numerous patients with CSF cell counts within the normal range
but abnormally high levels of cach of the other inflammatory
markers, thus directly illustrating the comparatively low sensitivity
of GSF cell count.

(TIF)

Figure $6 Changes in levels of CSF markers and OMDS
over time in four untreated HAM/TSP patients. The three
graphs illustrate the changes over time in CSF CXCLIO (top),
neopterin (middle), and OMDS (bottom) for four untreated stable
HAM/TSP patients. The patients were observed for 60 months
(No. 1), 56 months (No. 2), 49 months (No. 3), and 39 months
(No. 4).

(TIF)

Figure 87 Significant positive correl betv the
proviral load in PBMCs and four GSF markers. HTLV-1
proviral load in PBMCs was compared with the levels of each of
four CSF markers (CXCL10, CXCL9, ncopterin, and cell count)
in HAM/TSP patients (n = 53). Data analysis was performed using
the Spearman’s rank correlation test.

(TIF)

Figure 88 Significant higher CSF levels of CXCLI10,
CXCL9, and neopterin even in stable HAM/TSP com-
pared to controls. The levels of four CSF markers (CXCLI10,
CXCLY, neopterin, and cell count) were compared among three
groups (HTLV-l-infected controls, n=8; stable HAM/TSP
patients, n=25; and deteriorating HAM/TSP patients, n=20)
assembling patients from both Training and Test Sets combined.
The horizontal bar indicates the median value for each group.
Statistical analysis was performed using the Kruskal-Wallis test
followed by Dunn’s post-hoc tests. ns: not significant, * P<0.05,
*% P<0.001.

(TIF)

Table S1 Demographics of HAM/TSP patients and
control subjects. There were no significant differences in the
demographics of HAM/TSP patients versus control subjects.
(DOCX)

Table 82 Demographics and clinical characteristics of
HAM/TSP patients (Training set + Test Set). Among the
HAM/TSP patients from the Training and Test Sets pooled
together, deteriorating patients experienced disease onset signifi-
cantly later in life and had lived with the disease for shorter
periods.

(DOCX)
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Adult T-cell leukemia (ATL) is one of the most agy 3 i
caused by human T-| lymphotroplc virus type 1 (HTLV-1) infection. The prognosis of ATL is

have not been

y poor; |

s for and

established. To identify novel therapeutic targets and diagnostic markers for ATL, we

in which HTLV-1-inf

profiling of the CD4*CD25*CCR4" T-cell subpopulation

celis were enriched. Comp ive quantification of 14064
peptides and 2-step i ysis using 29 cases (6 uninfected controfs,
5 carriers, 9 HTLV-1 d | pical spastic parap

patients, 9 ATL patlents) identified 91 pepﬂde determinants that statistically classified 4 cﬂnlcal groups with an accuracy rate of 92.2%

by cross-validation test. Among the identified 17 classifier proteins, a-li specirin was dinii

Tcells derived

from ATL pati its digestive protease calpain-2 (CAN2) was significantly downregulated. Further cell cycle analysis and cell
growth assay revealed that rescue of CAN2 activity by overexpressing constitutively active CAN2 (A;5CAN2) could induce remarkable cell

death on ATL cells panied by ion of a-ll
could provide p tial di ic bil and an attracti

These results support that proteomic profiling of HTLV-1-infected T cells

of

Introduction

peutic targets for ATL. (Blood. 2013;121(21):4340-4347)

Human T-lymphotropic virus type 1 (HTLV-1) is 2 human retrovirus
that is the pathogenic agent of HTLV-1-associated diseases, such as
adult T-cell Jeukemia (ATL) and HTLV-1-associated myelopathy/
tropical spastic paraparesis (HAM/TSP). Recent epidemiological
studies revealed that HTLV-1 is endemic mainly in Japan, the
Caribbean basin, Iran, Africa, South America, and the Melanesian
islands.! Other estimates have shown that 20 million to 30 million
people worldwide are infected with HTLV-1.% The infection is
followed by a prolonged asymptomatic phase of 20 to 30 years, and
2% to 5% of the infected individuals develop ATL during their
lifetime.> ATL is one of the most aggressive hematologic malig-
nancies characterized by increased numbers of lymphocytes with
multilobulated nuclei, so-called flower cells, in blood circulation.
The prognosis is severe with the median overall survival period and
5-year survival rate of ATL patients of 7 months and 20%,
respectively.* Recently, humanized anti-CCR4 (KW-0761) thera-
peutic antibody achieved a great improvement in ATL treatment in
a phase 3 study. However, the disease control rate was restricted to
50%, and long-term prognosis has yet to be known.® For future
impro inthe of ATL, novel biomarkers for early
diagnosis are urgently needed for early therapeutic intervention.

To date, comprehensive genomic or proteomic studies using
CD4" T cells have been performed for this pmpose,é'g but repro-
ducibility and reliability of quantification results in the discovery

phase were uncertain due to the diverse individual variety of HTL V-
1-infected cell contents in CD4 ™" T cells. To overcome the etiologic
variety of samples, we focused on the CD4¥CD25"CCR4™ T-cell
subpopulation since Yamano et all® recently revealed that HTLV-1
preferentially infected CD4*CD25 CCR4™ T cells in both ATL
and HAM/TSP patients. By targeting CD4 "CD25"CCR4™ T cells, we
here provide the first quantitative proteome map illustrating
molecular disorders in pathogenic human T cells directly associated
with the onset or progression of ATL. The comprehensive and com-
parative interpretation of total proteome in infected cells, especially
between asymptomatic HTLV-1 carriers and ATL patients, could
immediately lead to specific candidates for biomarkers and drugs.
Another challenge to emphasize in this study is our recently
established proteomic profiling technologies. It is indisputable
that the greater the number of clinical samples analyzed, the
more confidently statistical analysis can be undertaken in order to
identify diagnostic markers and druggable targets. Despite this fact,
previous proteomics reports counld not provide high-throughput
quantitative methodologies that were sufficient for dealing with
even more than 10 clinical samples, excepting a study utilizing
a surface enhanced laser desorption/ionization time of flight mass
spectrometer. Although the surface enhanced laser desorption/
jonization time of flight method drastically improved the performance
in both quantification and throughput, allowing relative quantification
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analysis for 96 samples in several hours, at most only 250 un-
identified protein peaks were detectable. In the present study, we
integrated the proteomics server for the huge data set “Expression-
ist” (Genedata A.G., Basel, Switzerland) with high-end mass
spectrometers to maximize the quality and quantity of protein
catalogs transferred from mass spectrometers. We first describe the
discovery phase providing a panel of novel diagnostic molecules
from quantification of 14 064 peptides and identification of 4763
proteins. As the functional validation phase, we further examined
the physiological potential of an identified diagnostic marker can-
didate, calpain-2 (CAN2), particularly concerning the association of
its activity with survival or progression of ATL cells.

Materials and methods
PBMCs and cell lines

Peripheral blood mononuclear cells (PBMCs) from 6 normal donors, 5
asymptomatic carriers, and 9 HAM/TSP patients used in the screening
analysis were collected in the St. Marianna University School of
Medicine. Those from 9 ATL patients were collected in the Imamura Bun-
in Hospital. PBMCs from 4 ATL patients used for the validation experiments
were provided by the Joint Study on Predisposing Factors of ATL
Development. The others from 4 HAM/TSP patients were collected in the
St. Marianna University School of Medicine. The use of these human
specimens i this study was approved by individual institutional ethical
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Two-dimensional (2D) LC/MS/MS

Tryptic digests of CD4*CD25"CCR4" T cells were dissolved in 10 mM
ammonium formate in 25% acetonitrile and fractionated by a 0.2 X 250 mm
monolith strong cation exchange column (GL Science, Tokyo, Japan).
Peptides were eluted with an ammonium formate gradient from 10 mM to 1
M in curve = 3 mode for 70 minutes using a Prominence high-performance
liquid chromatography (HPLC) system (Shimadzu Corporation, Kyoto,
Japan). The eluate was fractionated into 20 fractions and analyzed individually
by LTQ-Orbitrap-Velos mass spectrometer (Thermo Scientific, Bremen,
Germany) accompanied with the Ultimate 3000 nano-HPLC system. The
fractionated peptide samples were separated with the same gradient used in the
QSTAR-Elite system described previously and analyzed by LTQ-Orbitrap-
Velos acquiring a full MS scan on Fourier-transition mode with MS
resolution = 60 000 and simultaneously MS/MS scans for the 20 most
intense precursor ions in each MS spectrum on ion-trap mode with
regular lution. Other i for LTQ-Osbitrap-Velos
were as follows: capillary temp = 250, source voltage = 2 kV, MS scan
range = mass-to-charge ratio (m/z) 400 to 1600, acquire data dcpendent
CID MS/MS for top-20 intense p and dy i

enabled during 30 seconds. For protein identification, all MS/MS spectra
were searched against SwissProt database version 2012_06 (20232
human protein sequences) using SEQUEST algorithm on ProteomeDis-
coverer 1.3 software (Thermo Scientific) with the following parameters:
MS tolerance = 3 ppm, MS/MS tolerance = 0.8 Da, maximum missed
clcavages =2, enzyme = trypsin, taxonomy = Homo sapiens, fixed
modifi = i on cysteine, and variable modi-
fication = oxidation on methionine. We accepted the protein iden-

committees: the Ethical Committee of Yokohama Institute, RIKEN (approval
code Yokohama H22-3); the Ethical Committee of St. Marianna University
School of Medicine; the Institutional Review Board of Imamura Bun-in Hospital;
and the Ethical Committee of the University of Tokyo (approval code 10-50).
This study was d in with the Declaration of Helsinki.

S0O-4, KOB, and KX1 cells were kindly provided by Dr Yasuaki Yamada,
cultured in RPMI 1640 supplemented with 10% fetal bovine serum (Celi
Culture Bioscience, Tokyo, Japan), 100 kU/L interleukin 2 (Cell Science &
Technology Institute Inc., Tokyo, Japan), and 1 X antibiotic-antimycotic
solution (Sigma-Aldrich, MO). Jurkat, SUP-T1, CCRF-CEM, and MOLT-3
cells were cultured in RPMI 1640 supplemented with 10% fetal bovine serum
and 1 X antibiotic-antimycotic solution. All cell lines were grown at 37°C in
5% CO,. CD37CD4*CD25*CCRA™ T cells were isolated with anti-CD3-
FITC (cBioscience, San Diego, CA), anti-CCR4-PE (Becton Dickinson, CA),
anti-CD4-Cy7 (eBioscience), and anti-CD25-APC (eBioscience) on a Cell
Sorter JSAN (Bay Bioscience, Hyogo, Japan).

Sample preparation for mass spectirometric analysis

The CD4*CD25* CCR4™ T cells were washed with phosphate-buffered
sa[mc 3 times and lysed in denatumnon buffer (8 M urea in 50 mM ammonium

After soni duction with 5 mM tris(2-carboxyethyl)
phosphine (Sigma-Aldrich) at 37°C for 30 minutes, and alkylation with 25 mM
jodacetamide (Sigma-Aldrich) at room temperature for 45 minutes, lysates
were digested with Trypsin GOLD (Promega, W) with protein/enzyme ratio
of 25:1 at 37°C for 12 hours. The digested peptides were desalted with Oasis
HLB pElution plate (Waters, MA). The collected samples were dried up with
a Vacuum Spin Drier (TAITEC Co. Ltd., Saitama, Japan) and subjected
to mass spectrometric analyses.

Liquid ch hy dem mass sp

y (LC/MS/MS)

The digested peptides were separated on a 0.1 X 200 mm homemade Cyg
column using a 2-step linear gradient, 2% to 35% acetonitrile for 95 minutes and
35% to 95% acetonitrile for 15 minutes in 0.1% formic acid with a flow rate of
200 nl/min. The eluting peptides were analyzed with a QSTAR-Elite mass
spectrometer (AB Sciex, CA) in the smart information-dependent acqui-
sition mode of Analyst QS software 2.0 (AB Sciex). The other parameters
on QSTAR-Elite were shown as follows: DP = 60, FP = 265, DP2 = 15,
CAD = 5,IRD = 6,IRW = 5, curtain gas = 20, and ion spray voltage = 2000 V.

satisfying the false discovery rate <1% by Percolator false
discovery rate estimation algorithm on ProteomeDiscoverer.

Label-free quantification analysis

The LC/MS/MS raw data were imported into the Expressionist RefinerMS
module and subjected to the following data p and relative
quantification steps. The total work flow on the RefinerMS module is shown
in supplemental Figure 1 (see the Blood Web site). The LC/MS/MS raw data
set from 29 clinical samples was displayed in 2D planes (m/z vs retention
time [RT]). The chromatogram grid was applied to all planes: scan counts = 10,
polynom order = 3, and RT smoothing = 0. The planes were simplified by
subtracting background noises using chromatogram chemical noise
subtraction: RT window = 50 scans, quantile subtraction = 50%, and
RT smoothing = 3 scans. After the noise subtraction, data points with
intensity <10 were clipped to zero. The RT variety among 29 planes was
adjusted by chromatogram RT alignment: RT transformation window = 0.2
minutes, RT search interval = 5 minutes, m/z window = 0.1 Da, and gap
penalty = 1. Peaks were detected by summed peak d
summation window = 5 scans, overlap = 50, minimum peak size = 4 scans,
maximum merge distance = 10 points, peak RT splitting = true, intensity
profiling = max, gap/peak ratio = 1%, refinement threshold = 5, consistency
hreshold = 0.8, and signal/noise threshold = 1. The detected peaks were
grouped into isotopic clusters derived from each molecule using 2-step
chromatogram isotopic peak clustering. The first parameters were as follows:
minimum charge = 1, maximum charge = 10, maximum missing peaks = 0,
first allowed gap position = 3, RT window = 0.1 minute, m/z tolerance = 0.05
Da, isotope shape tolerance = 10, and minimum cluster size ration = 1.2.
The second parameters were as follows: minimum charge = 1, maximum
charge = 10, maxiraum missing peaks = 0, first allowed gap position = 3,
RT window = 0.1 minute, m/z tolerance = 0.05 Da, and minimum cluster
size ration = 0.6.

Expression vectors and siRNA

For the A;9CAN2 construct, the CAPN2 fragment was amplified with primers
5'-CATGTCGACTCCCACGAGAGGGCCATCAAGT-3' and 5'-CATTC-
TAGATCAAAGTACTGAGAAACAGAGCC-3' from pBlueBaclll CAPN2
and cloned into pEFBOS-Myc. Prior to the overexpression experiments, we
confirmed that the sequence of the inserted CAPN2 fragment was identi-
cal to the M ian Gene Collecti ion number
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Figure 1. Schematic overview of proteomic profiling for CD4*CD25*CCR4™
cells. PBMCs were collected from 6 normal donors, 5 asymptomatic carriers, 8 ATL.
patients, and 9 HAM/TSP patients, followed by isolation of the CD4*CD25*CCR4*
subset using the cell-sorting system. The statistical candidate selection steps, including
LC/MS/MS data processing, label-free quantification, and statistical analysis, were
performed on the Expressionist protecme server. The protein identification database
was separately established based on 2D LC/MS/MS analysis. ND, normal donors; AC,
asymptomatic carriers.

BC021303). The 5-pg vector DNA was transfected to 1 X 10° cells. The
small interfering RNAs (siRNAs) against SPTANI, PTMS, HSPEI, and
SHMT?2 and siRNA universal negative control were purchased from Sigma-
Aldrich. The 500-pmol siRNA oligo was transfected into 1 X 10° cells. The
vectors and siRNAs were transfected into all cell lines except CCRF-CEM by
Amaxa Nucleoportator transfection Kit V (Lonza, Cologne, Germany) and
CCRF-CEM by Kit C (Lonza).

Cell cycle analysis and proliferation assay

For the cell cycle analysis, 1 X 10° to 2 X 10° cells were washed and agitated in
0.1% Triton-X (Sigma-Aldrich) with 100 ng/ul of ribonuclease (Sigma-
Aldrich). Following addition of 1 pg/mL propidium iodide, the flow cytometric
analysis was performed on FACScalibur (Becton Dickinson). The data analysis
was performed using FlowJo software (Tree Star Inc., OR). Doublet events
were eliminated from analyses by proper gating on FL2-W/FL2-A primary
plots before histogram analysis of DNA content. Cell proliferation was

d by ing cell ic activity using Cell Countmg I(lt 8
{Dojindo, K Japan) ing the

Western blotting

Cells were lysed in lysis buffer [1% NP-40, 2 mM EGTA, 2 mM MgCl,
150 mM NaCl, 20 mM tristhydroxymethyl)aminomethane-HCl (pH 7.5),
10% glycerol, containing the protease inhibitor cocktail Complete (Roche,
IN)] and subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred onto PVDF membranes. Following blocking
with 4% Block Ace (Yukijirushi Nyugyo Inc., Tokyo, Japan), membranes
were incubated with anti-myc (9E10; Sigma-Aldrich) or anti~a-II xpectrm

(Abmm, i UK) ibodi t were then incubated with
h i d anti 1gG (GE Healtt NJ) or
anti-rabbit IgG (GE Health ively, and vi i with Western

Lightning kit (Perkin Elmer, MA)

Multiple reaction monitoring (MRM)

CD4* T cells were isolated from PBMCs using flow cytometry. The tryptic
digests of the isolated cells were analyzed by 4000 Q-TRAP mass
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P (AB Sciex) panied with Ultimate 3000 nano-HPLC
system. The LC gradient was as follows: 2% to 30% acetonitrile for
10 minutes and 30% to 95% acetonitrile for § minutes in 0.1% formic acid
with a flow rate of 300 nL/min. The MRM transitions monitored were m/z
409.7/375.2 for a-11 spectrin (SPTA2); m/z 538.3/889.5 for parathymosin
(PTMS); m/z 507.3/147.1 for heat shock 10-kDa protein, mltochundnal
(CH10); m/z 490.3/147.1 for serine hydroxymethyl

drial (GLYM); and mv/z 581.3/919.5 for B-actin, respectively. Xndwldu.ﬂ
peak areas were normalized by the peak area of B-actin. Data acquisition
was performed with jon spray voltage = 2300 V, curtain gas = 10 psi,
nebulizer gas = 10 psi, and an interface heating temperature = 150°C. The
parameters were set as follows: declustering potential = 60, entrance
potential = 10, collision cell exit potential = 10, and dwell time for each
transition = 10 seconds. Collision energy was optimized to achieve maxi-
mum intensity for each MRM transition as follows: 34.03 V for m/z 409.7/
175.1, 24.68 eV for m/z 538.3/889.5, 23.32 eV for m/z 507.3/147.1, 37.57
eV for m/z 490.3/147.1, and 31.58 eV for m/z 581.3/919.5.

Results
Quantitative proteome profiling of CD4*CD25*CCR4" T cells

A schematic overview of the screening approach is shown in
Figure 1. To identify diagnostic markers expressed in HTLV-
l-infected T cells, a CD4*CD25"CCR4™ subset of PBMCs
from 6 uninfected volunteers, S asymptomatic carriers, 9 HAM/
TSP patients, and 9 ATL patients was isolated by flow cytometry
(Figure 2). The averaged proportion of CD4*CD25 CCR4™ cells
in CD4™* T cells from 4 clinical groups was 6.48 + 2.46%, 13.17 =
13.06%, 20.55 *+ 10.73%, and 55.83 % 22.40%, respectively, in-
dicating that the occupancy of viral reservoir cells varied dras-
tically among both pathological groups and even individuals within
a group. Enrichment of the infected cells was confirmed by viral
load measurement of the used samples (supplemental Figure 2). As
reported previously,'® the viral load of CD4"CD25*CCR4™ cells
(37.91 copies/100 cells on average) was ~ 10 times higher than that
of CD4*CD25"CCR4™ cells (4.12 copies/100 cells on average),
indicating that the former cells were evidently the HTLV-
1-enriched fraction. This fact strongly supports the importance of

6.5 12.5%

i ND

2 b gl -
A O o vt s a0}

cp2s
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Figure 2. Representative sorting results of CD4*CD25*CCR4™ cells. After
labeling with anti-CD3-FITC, anti-CD4-Cy7, anti-CD25-APC, and anti-CCR4-PE, the
CD3"CD4CD25"CCR4™ fraction was isolated. The averaged content + standard
deviation (%) of CD25*CCR4* cells out of CD3"CD4" celis was calculated for each
clinical group and is displayed in the upper right section of the panels.
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Figure 3. Statistical extraction of candidate thera-
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B

peutic targets. The 14064 nonredundant peptides
detected were subjected to a 4-group Kruskal-Wallis
test (ND, AC, ATL, and HAM), resulting in identification
of 1170 first candidates (P < .01). ND, normal donors; AC,
asymptomatic carriers. (A) Next, the Expressionist ranking
method further narrowed down the candidates to 91

Misclassificationrate >

peptides based on SVM-REF so that the misclassifica- True class Predicted class
tion rate in the cross-validation test became minimum, ey
7.8%. (B) The predicted classification result by leave- k-1 !
one-out cross-validation test. The 27 out of 29 cases H 2 e}
were successfully classified into the true classes. (C) H E
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enriching pathogenic cells for rigorous quantitative biomarker
discovery.

An accurately adjusted number of CD4*CD25*CCR4™ cells
from 29 cases were digested with trypsin and subjected to LC/MS/
MS analysis individually. Because recent mass spectrometers often
deal with data on the order of hundreds of megabytes per sample, it
has been considered almost impossible to calculate a data set larger
than a gigabyte from large-scale clinical samples on desktop com-
puters. Hence, we constructed a proteomics server equipped with a
12-core central processing unit, 36 SAS hard disks, and 192-GB
physical memories driving the Expressionist, which was designed to
combine the database module, the data processing module, and the
statistical analysis module into a single integrative platform for
genomics, proteomics, and metabolomics. The detailed work flow for
data processing and quantification for 29 LC/MS/MS raw data was
described in the “Materials and methods” and is illustrated in
supplemental Figure 1. Finally, 68 454 nonredundant peaks were
detected and grouped into 37 143 isotopic clusters, or molecules. As
tryptic peptides should appear as multivalent ions in electrospray
ionization mass spectra, 23 079 singly charged ions were removed,
resulting in utilization of 14 064 peptide signals for further statistical
selection of diagnostic markers.

Statistical identification of did: i e 1
for ATL

A stepwise statistical extraction was employed for the effective
identification of proteins, which d ated specific up- or
downregulation in the ATL group. In the first stage, a 4-group Kruskal-
‘Wallis test was performed to roughly extract the candidates showing
a significantly distinct expression level among 4 clinical groups. Here
we set the cutoff line at P < .01 and obtained 1170 first candidate
peptides simply because the isolated peptide set using this criterion
showed the best performance in the following prediction model.
Next, we selected the final candidates by the support vector
machine-recursive feature elimination algorithm in the Expressionist
Analyst module. Support vector machine-recursive feature elimination

is a candidate elimination method based on SVM, which enabled
us to improve the classification outputs by selecting the best-
performing peptide set among initially provided candidates.!! As
a result, a combination of 91 peptides showed the lowest mis-
classification rate (7.78%) in a leave-one-out cross-validation test
(Figure 3A-B). To evaluate the classification efficiency of 91
selected candidates, the principal component analysis was
performed. Figure 3C shows the three-dimensional plot of 29
clinical samples based on the 3 best-explainable components,
which illustrated statistically clear segregation among the 4
clinical groups. These assessments indicated that the 91 peptides
should be a sufficient set of classifiers that closely associated
with the pathological characteristics of the 4 clinical groups.

Based on an independently constructed 6279-protein identifi-
cation database for CD4"CD25CCR4™ cells using 2D LC/MS/
MS (see details in “Materials and methods”) 19 pepndes among
the 91 candidate peptides were succ ly d to 17 proteins
listed in Table 1. The mass spectrometric quantification profiles for
the 19 peptides are also shown in Figure 4 (box plots).

Recovering CAN2 activity induced cell death in ATL cells

Our diagnostic marker discovery for ATL identified an enzyme-
substrate pair, CAN2 and SPTA2, which demonstrated significantly
aberrant expression level in ATL patients (Figure 4). Interestingly,
the intensities of the 2 proteins in 27 screening cases (without 2
statistical outliers in Figure 4) showed a clearly inverse correlation
(R* = 0.395, Figure 5A). To examine whether CAN2 down-
regulation and/or SPTA2 upregulation might be ial for the
growth of ATL cells, the enzymatic activity of CAN2 was rescued
by overexpressing the constitutively active form of CAN2
(A1oCAN2) in 3 ATL cell lines, SO-4, KOB, and KK1. After
36 hours of transfection, significant inhibition of cell proliferation
(Figure 5B) and induction of sub-GI transition was observed by
activation of CAN2 in 3 ATL cells, but not in 4 non-ATL leukemia
cell lmes (Figure 5C). Furthermore, overexpression of AjgCAN2
drastically d the expression level of SPTA2 in the ATL cell
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Tabie 1. List of 17 protein classifiers for categorization of normal donors, asymptomatic carriers, HAM/TSP, and ATL

P value

Accession Protein name (Kruskal-Wallis test) miz

Heat sﬁock 10—kDa protein,
mitochondrial

Serine hydroxymethyltransferase,

mitochondrial

b
Serine hydroxymethyltransferase,
mitochondrial

25.E-03 430.721

Peptide Identity or homology

score threshold Sequence

‘ MVQVWR
21 GGIMLPEK

RT  Charge

40.6 2

AAEEEDEADPKR
QSLGELIGTLNAAK

line SO-4 (Figure 5D), but not in the non-ATL leukemia cell line
Jurkat (Figure 5E). On the other hand, an additional cell
proliferation assay using siRNA against SPTANI revealed that
reduction of SPTA2 was not sufficient for the induction of cell death
for ATL cells (supplemental Figures 3 and 4).

In addition, 3 proteins (PTMS, CH10, and GLYM) were also
found to be upregulated in ATL celis. To address the roles of these

proteins, a cell proliferation assay was conducted using 3 ATL cell
lines treated with siRNAs against PTMS, HSPEI (gene symbol of
CH10), or SHMT2 (gene symbol of GLYM) (supplemental
Figure 4). As a result, suppression of the SHMT2 gene induced
significant growth inhibition for all 3 ATL cell lines. Although
siHSPEI-treated KOB cells showed a statistically significant
decrease in cell growth rate, siHSPE! and siPTMS had only partial
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b

o

0 20000 SO0

Intensities
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Figure 4. Summary of quantitative features for the

. 17 protein classifiers Identified. The 19 box plots (see
Table 1 for protein names) show the results of mass

and protein i
7 ND We finally identified 19 peptides out of 91 candidates in
I AC Figure 3, which were assigned to 17 proteins. Proteins
T AT identified from 2 distinct peptides were shown as GLYM
@ 1AM (peptides 1 and 2) or PRG2 (peptides 1 and 2). The

y-axis Indicates normalized relative intensity of peptides

in mass spectrometric data. ND, nommal donors; AC,
asymptomatic carriers.
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Figure 5. Rescue of CAN2 activity induced cell death in ATL cells. (A)
Correlation between CAN2 and SPTA2 expression level in 27 cases. (B) Cell
proliferation was measured by MTT assay on SO-4, KOB, and KK1 cells 36 hours
after transfection of mock vector or A;gCAN2, *P < .05; **P < .01 by Student ¢ test.
o pression of A;gCAN2 signifi cell death in 3 ATL (SO-4,
KOB, and KK1) and 4 non-ATL (Jurkat, SUP-T1, CCRF-CEM, and MOLT-3) cell
fines. **P < .05 by Student ¢ test. The drastic attenuation of SPTA2 expression was
observed after transfection of A1gCAN2 in SO-4 cells (D), but not in Jurkat cells (E).
The ir of anti-myc tag i the ion of AsgCAN2,

or no effects on proliferation of ATL cell lines. To further confirm
whether the overexpression of SPTA2, PTMS, CH10, or GLYM
protein would be an ATL-specific molecular signature, the expres-
sion levels of these proteins in 8 clinical samples were evaluated by
the mass spectrometric quantification technology MRM (supple-
mental Figures 5 and 6). Expression of SPTA2, GLYM, and CH10
in cells derived from ATL patients was significantly higher than
that in cells derived from HAM/TSP patients. The level of PTMS
also showed a clearly increasing tendency in the ATL patient
group. Taken together, these results suggested that the deprivation
of CAN2 activity and upregulation of GLYM in HTLV-1-infected
T cells might have a key role at the onset or progression of ATL.

Discussion

In the past decade, proteomics technologies have developed dra-
matically for the purpose of obtaining more and more comprehensive
and sensitive proteome maps in cells or clinical specimens. The
performance of mass spectrometers in particular has exhibited re-
markable progress; however, as for sensitivity and throughput, it has
still been difficult to identify biomarkers from crude samples
including body fluids or total cell lysate. A major reason could be

THERAPEUTIC TARGETS FOR HTLV-1-ASSOCIATED DISEASES 4345

that the range of protein concentration in the analyte is indeed much
larger than the dynamic range of recent mass spectrometers.'> The
other essential factor to be improved for clinical proteomics is
the capacity of the bioinformatics platform to allow analysis of
a sufficient number of clinical samples in order to statistically
overcome the significant individual variability."®

Concerning the first issue, we previously developed and applied
various focused proteomic applications targeting molecular bio-

hemical features including glycan biomarkers'*'® and

low-molecular-weight peptide biomarkers.'? The preenrichment of
subproteome fractions effectively reduces the complexity of crude
samples and allowed us to identify potential serum cancer bio-
markers successfully. Through our previous knowledge, we provide
an approach for investigating infectious diseases by employing
virus-infected cell-focused proteomics, In addition to HTLV-1, for
instance, isolation of HIV-infected cells is highly desired because
the frequency of these cells in AIDS patients” PBMCs is ~1 out of
10* to 10° cells.'® Actually, we successfully demonstrated the effect
of HTLV-1-infected cell isolation on the elimination of individual
variability (Figure 2, supplemental Figure 2) and reliable identifi-
cation of disease state-associated proteins (Figures 4 and 5). We
further showed the potential of the next-generation bioinformatics
platform Expressionist to remove the constraint on the capacity of
data size acquired from high-end mass spectrometers. Expressionist
covered whole discovery steps from processing of raw mass
spectrometer data to statistical analyses (Figures 1 and 3, and
supplemental Figure 1) and, importantly, could perform quantifi-
cation analysis using a basically unlimited number of clinical
samples. Hence, in parallel with the development of mass spectrom-
eters, high-specification and inexpensive OMICS server systems are
necessary for future diagnostic marker and therapeutic target discov-
eries using hundreds or th ds of clinical sp

In this study, we focused on the CD4*CD25"CCR4™ T-cell
subpopulation in which T helper 2, T helper 17, and regulatory
T (Treg) cells were mainly involved.'® The purpose for which we
used this subset was to technically enrich the preferential viral reservoir
cells and to strengthen reliability of screening results. However,
investigating proteome behaviors of these subtypes in HTLV-
1-associated diseases is also important physiologically because it
has been frequently reported that deregulated Treg plays si
roles in pathogenesis of ATL and HAM/TSP. Indeed, aberrant
proliferation of Treg cells is considered the main cause of immuno-
deficiency in ATL patients because of their innate immunosup-
pressive functions,'® whereas abnormal production of interferon y
from infected Treg cells might induce chronic spinal inflammation
in HAM/TSP patients.?® Given the list of our 17 classifier proteins,
activation of signal transducer and activator of transcription 1-o/B is
the well-known key factor for HAM/TSP,?! whereas upregulation
of heat shock 70-kDa protein 1A/1B, CH10, and PTMS were
reported in many other types of tumors.?*?* The association of these
4 proteins with the etiology of HAM/TSP and ATL would be
evident according to the previous work, supporting that our other
candidates might similarly have a direct impact on the trans-
formation of Treg cells after infection of HTLV-1. Particularly, the
specific upregulation of GLYM in ATL cells represents the first
evidence that excessive folate metabolism might be essential for the
progression or survival of ATL cells because GLLYM is a funda-
mental enzyme catalyzing the supply of glycine accompanying the
conversion of tetrahydrofolate to 5,10-methylenetetrahydrofolate.”*
Indeed, the suppression of GLYM expression, which was confirmed
to be upregulated in ATL patients, resulted in significant reduction
of cell growth. This observation suggests that diminishing GLYM
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expression or enzyme activity could be a promising strategy for
molecular-targeting treatment of ATL. Together with the down-
regulation of CAN2 in the ATL cells shown in Figure 5, the proteins
listed in Table 1 could provide the molecular basis for not only
interpretation of physiological mechanisms in ATL or HAM/TSP
but also development of novel therapeutic agents for HTLV-

1-associated diseases.

CAN2 belongs to a Ca?*-regulated cytosolic cysteine protease

BLOOD, 23 MAY 2013 » VOLUME 121, NUMBER 21

In conclusion, comprehensive proteomic profiling of HTLV-
1-infected T cells provided 17 disease-associated signature proteins,
which have great potential for future clinical use as diagnostic
biomarkers. As we described
CAN2-SPTA2 pathway and ATL phenotypes, further individual
functional analyses will contribute to understanding the detailed

ding the relationship t the >

molecular mechanisms involved in the onset or progression of HAM/

TSP and ATL.

family, which includes 14 calpain isoforms.26 The enzymatic activity
of calpain is implicated in diverse physiological processes, such as

cytoskeletal remodeling, cellular signaling, and apoptosis.®® As an

22,

I

example of a spectrin-mediated apoptosis pathway, it was reported

that CAN2 produced SPTA2 breakdown products following

traumatic brain injury.?’ Because SPTA? interacts with calmodulin

and constructs the membrane cytoskeletons, its breakdown is
considered a process of membrane structural changes during cell
death.®®? This fact is concordant with our finding in ATL,
suggesting that accumulation of SPTA2 in ATL cells can be

attributed to the suppression of CAN2 expression and contribute to
circumvent apoptosis. In the analysis of basal levels of CAN2 and
SPTA2 in 7 cell lines (supplemental Figure 7), 3 ATL cell lines

showed endogenous expression of CAN2 and moderate levels of
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Table 1

Methodological characteristics of HTLV-1 proviral load measurements using PCR method from asymptomatic carriers and HAM/TSP patients in endemic countries for

HTLV-1-infection.

Commentary and point of view

Utility of HTLV proviral load quantification in diagnosis of
HTLV-1-associated myelopathy requires international standardization
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The geographic distribution of Human T-cell Lymphotropic
Virus Type 1 (HTLV-1) infection makes one thing clear: except
Japan, most of the estimated 20 million infected individuals are
clustered within communities with limited health care access [1].

Given that the majority of infected persons remain disease-free,
one of the challenges of the clinical management of HTLV-1-
infected patients with myelopathic symptoms is to establish the
definite diagnosis of HTLV-Associated Myelopathy/Tropical Spas-
tic Paraparesis (HAM/TSP). Asymptomatic carriers may complain
of a range of symptoms that cannot be excluded from an asso-
ciation with HTLV-1, such as dry eyes, urinary incontinence and
constipation. Current HAM/TSP diagnostic procedures are based

Abbreviations: HTLV, human T-cell lymphotropic virus; HAM/TSP, HTLV-
1-associated hy/tropical spastic paraparesis; PBMC, peripheral blood
mononticlear cells; PVL, proviral load.
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on criteria established by the World Health Organization (WHO),
which consists of a list of neurological signs and symptoms in
HTLV-1 seropositive subjects. In addition, imaging of the central
nervous system is essential to exclude other neurological diseases
with similar clinical features, whilst isolation of HTLV-1 proviral
in the cerebrospinal fluid (CSF) {2} is a positive finding, especially
when the viral load in CSF lymphocytes is greater than in PBMCs
{3]. However, these complementary tests are not readily available
in many communities. In our experience, patients rarely present
with all the essential features of HAM/TSP to meet the diagnos-
tic requirements of the complete syndrome. To complement WHO
criteria, a new classification strategy, the Belem Criteria, based on
three diagnostic ascertainment levels was proposed j4}. HTLV-1-
infected patients with neurological defects are categorized as: (i)
Definite HAM/TSP: patients who meet the established WHO crite-
ria with a complete clinical presentation; (ii) Probable HAM/TSP:
patients with a myelopathic mono-symptomatic presentation, in
which other diseases resembling HAM/TSP have been excluded;
(iit) Possible HAM/TSP: patients who present with a complete or
incomplete clinical picture; however, other disorders resembling
HAM{/TSP cannot be excluded.

In recent years, several studies have demonstrated a clear
association between HAM/TSP and HTLV-1 proviral load {5-11].
Moreover, compelling evidence indicates that patients with other

Author, year Country PCRmethod  Region amplified % infected cells  Number of %infected cells  Number of
asymptomatic  asymptomatic carriers  HAM/TSP HAM/TSP patients

Nagai et al., 1998 {81 Japan TagMan pX 0.3%/3.2* 200 5.4 202
Manns et al., 1999 {7} Jamaica TagMan pX 11 50 4.9 27
Olindo et al,, 2005 {7} Martinique TaqMan pol 0.8 34 8.1 100

et al., 200: Brazil TagMan pol 27 45 6.8 44
Best et al., 2006 {5} Peru SYBR green pX 5.6 33 18 35
Silva et al., 2007 11 1} Brazil TagMan pX 1.0 93 6.3 197
Grassietal,, 2011 {14] Brazil TagMan pol 0.7 189 116 47
Furtado et al., 2012{15] Brazil SYBR* Green  po} 0.5 75 34 78
Demontis et al., 2012 {3} United Kingdom SYBR Green  Tax 1.8 211 14.7 85

#-Number of evaluated patients, % infected cells: data represents median.

3 DNA sample from whole blood. All other DNA samples were from peripheral blood mononuclear cells.

HTLV-1-associated inflammatory conditions, such as infective der-
matitis {12} or keratoconjunctivitis sicca { 13}, display significantly
higher levels of proviral load compared to asymptomatic carriers.

In a published study conducted in Bahia, Brazil, we found that a
proviral load cut-off value of 50,000 copies/108 PBMCs (5%), differ-
entiated asymptomatic carriers from HAM/TSP patients with 87%
sensitivity and 81% specificity {14}. Using the Belem criteria, only
22% of probable and 17% of definite HAM/TSP patients’ HTLV-1
proviral loads fell below this cut-offvalue. If this threshold had been
included as an additional criterion to diagnose HAM/TSP, 73% of
patients from the probable group would be reclassified as definite.

Furtado et al. {15} also attempted to establish a proviral load
cut-off value to distinguish asymptomatic carriers from HAM/TSP
patients in Minas Gerais (Brazil). Using whole blood, a cut-offof 114
HTLV-1 copies/10* white blood cells (1.14%), offered 78.2% sen-
sitivity and 28% specificity in patients with HAM/TSP. This value
is considerably lower than what was observed in Bahia. As mem-
bers of the HAM/TSP Clinical Trial Study Group (HAM/TSP-CTSG) we
performed a literature review of proviral loads reported in asymp-
tomatic carriers and HAM/TSP patients (Tabile 1). The percentage of
infected cells was approximately 6x higher in HAM/TSP patients
(median 6.8%, 5.4-18%) than in asymptomatic carriers (median
1.1%, 0.3-5.6%). Despite overlapping ranges, the trends are consis-
tent across studies. However, study groups used diverse methods
to measure proviral load, including different regions of the targeted
HTLV-1 genome, the DNA sample source, e.g. whole blood cells or
isotated PBMCs and cells quantified from patient samples. [n per-
sonal consultation with HAM/TSP CTSG members we established
that 7.04% and 10% of patients with definite HAM/TSP, living in
Bahia, Brazil and Japan respectively, have a proviral load of <1% in
PBMCs. These patients have only mild disease. In contrast, all defi-
nite HAM/TSP patients from UK or USA had a proviral load of >1%{31.
Based on the reviewed data and our own observations across four
centres (Bahiafjapan/UK/USA) a single cut-off for asymptomatic
versus HAM/TSP or for definite versus probable HAM/TSP cannot
be recommended.

We therefore propose an international pilot study in an attempt
to achieve consistent results in order to evaluate HTLV-1 proviral
load in PBMCs of asymptomatic carriers as well as patients with
probable, possible and definite HAM/TSP living in HTLV-1 endemic
and non-endemic areas. By testing these patients at several cho-
sen established laboratories blinded to samples' origins, we hope
to take initial steps towards the standardization of proviral load
quantification technique, with the ultimate goal of determining a
relevant proviral load cutoff value to distinguish asymptomatic car-
riers frorn HAM/TSP patients. At the same time, we recognize that,
due to variation from assay to assay, there are limitations with
respect to viral load quantification [16,17]. In the future, the HTLV
research community might propose the incorporation of a WHO
international standard to aid in clinical applications by soliciting

assistance from such groups as Standardization of Genome Ampli-
fication Techniques or National Institute for Biological Standards
and Control.
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WREE " 2, AKTHFD, &l 02 ERgH?, Hegkddk?, Arela ColerReilly?, 43HE ",

IS, A AT, SEEEY, ®H

B IERGY, ANETRY, LEEAD

#—7-—F  HTLV-l, ATL, HAM., ¥l

wE

FF—26 Ly ¥y hAOFEEMED DIEGB
X ORISIIBIBEERC X B B DAL, AR
BT LEELRBETH L, BHBHIIBI A Cy-
tomegalovirus, BK virus 7 & HBERYSEEE A W K
PeFE KT B MRATEM L CE TW 5%, human
T-lymphotropic virus type I (HTLV-1) &2 B
FHHERZLL, HHbEE>TwRwn Y,

HTLV-1 W, BB & EIC 100 F AL EHFREL,
2~ 5% MO TFHEAR RO T Hl E L (adult
T cell leukemia : ATL), 025 ~ 38% \ZMiEikm T
& % HTLV-1 BL#ERHE (HTLV-l-associated my-
elopathy : HAM) #75|&# 9, HTLV-1 i1
PR E A LRTE R V20, HHTLYV-
ROBWINC & ) BREFBITT 50 £/, B M
BROY ) DIy A W ARET PSR ENR T Oy
A WA (proviral load : PVL) %7 £V Z B OHEE
L LTHWTHS Y, PVL EfEiX ATL B X U"HAM
BIEDOY AV RFTH A Y, HILV-1 DBt
R R AT A EE S s, HRBRHIMLIC L S

KPS D Do ATL i3 0H B RPH 50 ~
60 SEOHRMM AR CRIET 25— T, HAM 37
AT QRS LY BAE U L o RN R TR T
%o HAM 3% T ARE T 5 FHOBIEIE
Wk, ET O R B B R E s &%
BYaHEBT ZOHERCELENHOLDAT R
4 ¥R EFHCOENED, R ERREHEL SR
Tuin?,

HTLV-] R §EH OBHBMICIE 2 2OMEIH
b0 12 HTLV-1 Bk F9-— (D+) %5 HTLV-1
Ly ¥y b (R-) CHTLV-I A9 L,
ATL % HAM 2 %9 ¥ el Th 5. KH TR
D + B AR R OO S AR TAME B O M 13 4 i
BRI X B7s, MR HIBTARIIE v, B 1
SIEHTLV-IB® LYYy b R+) KBTS
ATL 3 X ' HAM OB AS sl & &
Lo THIMT AEBETH 5.

SEbhbhiz, HTLV-1 SRS ICB1T 5 H8il
DEEVEE TN 570, HEMBO ATLB LU
HAM OFHEICHT 5 LERE LV Ea— L7
& BT, SIEIIEIRE O HTLV-1 BEEAE~ 0S8

Mk
P E
T 216-8511  FIZSIELIGF AT BT X 42 2-16-1

WA FH2BES A 9B
% E P25 7 A11H
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$52 HTLV-1 B i fifT LA B O PIR AR &

ATL
Zanke, et al. (1989)" ?/? 13/ B 24 CyA/PSL
Tsurumi, et al. (1992)"™ -/ 32/ 44R CyA/MZ/PSL
Williams, et al. (1994) " 27 42/ 5 13 45 AZA/PSL
Jenks, et al. (1995)™ -/+ 61/ 5 9% A CyA/AZA/PSL
EF, A (20000 2/ 49/ % 34 TAC/AZA/PSL
Ichikawa, et al. (2000)” - 12/ 9 104 CyA/AZA/PSL

2P 32/ 4 ? ?

27 32/ 4 ? ?
Hoshida, et al. (2001)™ ?/? 43/ % ? ?

?/? 56/ 5 ? ?

2= 47/ 4 ? »
HAM
i, (20000 ¥/ - 48/ 8 44 CyA/MZ/PSL
Nakatsuji, et al. (2000)* /= 49/ % 445 CyA/MMF/PSL
i M 2002)* +/= 56/ 4 74 CyA/MZ/PSL
Toro, et al. (2003)° - 55/% <& CyA

. +/= 53/ % <24 CyA

Inose, et al. (2010)% /- 40/ 9 10 % A CyA/MP

HLHTLV-1 Hifk D/R : donor/recipient OBHIE OH HTLV-1 S04, 2 R 23 5mlmn L
AZA : azathiopurine, CyA : cyclosporine A, PSL : prednisolone, MMF : mycophenolate mofetil, MP : methylprednisolone,

MZ : mizoribine, TAC : tacrolimus

ERET A0, AFO4 FR#EO PVL ~O R
T L2

WK - T3k

1. XEBRE*E

BRHHEO ATL B LU HAM OREICHT 53X
fikix, Pubmed, SciVerse Scopus, &% et 5%
THWT20124E 9 A £ COXMEMRB L 2zo FE
#Eik, "HTLV-17, “adult T cell leukemia”,
“HTLV-1-associated myelopathy”, 3 £ ¥ “kidney
transplantation” % M\ 72,

2. HAM B0 PVL ORITE & L UER

2007 4E 4 A5 2011 £ 9 Ho iz B~y 7 > F
RO HAM BMbk & @42 L2z HAM B
HDH B, FBHICH D T prednisolone PR ik
(PSL) % 7% methylprednisolone pulse ###: (MP
pulse) %47vy, 12 » B LLE PSL % #kit L 22 s %
R E Lize HAM DESIENDH 5 B8, A704
N RSO SRAZE 2 P O BB ERA L 7ze A
FOA FIRERIE, EREIYRIR - LD BTk
E Lo

AT UA FIHEHBAT, BRMEE 3 » ABB L O
12 7 J3 # 0> K 4H i BB 2k © HTLV-1 PVL (cop-
ies/100 cells) % MM PCRIZ L D& L 7"

PVL O IL#id Friedman M E O, HREIME % 0
B & UC Dunn BEZE ATV, fERE 5% il % Mgt
A E Lo MENLIIE Graphpad Prism 5
and Prism statistics (GraphPad Software %, [E)
B vz,

ARFRIGE<Y) 7 FERKREGBEAROKE
B, NV Y Y REEIET RBMRIIE ML
TEBL 720 BMHIENEAE %+ B0 L
L BRI,

® R

1. BBHEE HTLV-1 BERBICHT 35%

1) Jefis

TR ATL BREOFE L 7 11 BIT, 94
HE0 KM TH o (FT1)o HATOBAREIX 7
BICHRYTH o728, D-/R+BLU DR /R~
A% 2 BIFAE U720 HAM SEOHEII 536 #1T,
2PIR-Th o7 (F1)o. Toro 5 DEWE T, 1
%0 HTLV-1 e 20 & DIARBIEIC & Y BB 2
% ENPAE 1 %A% 2 SERAPIC HAM R 588 L7z ¥,

2) HTLV-1 B3 AT L 7 WA o 4 Bl ik

HHEEED 9 ~ 16 P12 5 72 B At 6 fidh - 72 (352)
AEF 69 FEBIZEA, FRH S O & 1998 4E 8 X U 2005
FEOPH S ™Y BE— V=T THY, EROTRY

— BG -—

/s CyA/AZA/PSL 3
W, b N CyA/MZ/PSL 3 N
985 9 +;: i 31168 333 S e L
CyA/MZ/PSL/ALG 2
/-6 CyA/AZA/PSL 4
—/+2 CyA/MZ/PSL 3
Nalamura, et al. 15 +/+5 305 (64) 26 (28) CyA/AZA/PSL/ALG 2 &L
(1998) +/21 CyA/MZ/PSL/ALG 3
71 CyA/AZA/MZ/PSL/ALG 3
‘ /-0
Tanabe, et ai 16 ~/+ 16 343" 8*  CyA/AZA/MP 16 %L
(1998) L
CyA/AZA/PSL 3
! /-4 CyA/MZ/PSL 3
Na“a’)“;"a' etal 10 —/+2 322 (85) 129 (46) CyA/AZA/PSL/ALG 1 BL
(2005 /4 CyA/MZ/PSL/ALG 2
TAC/MMF/PSL/BXM 1
e 0 CyA/PSL 1
Naghibi, et al * CyA/MMF/PSL 7 .
i 10 +; : 3 20 (30 4302 e e 2L
CyA/MMF/MP/DZM 1
/-0 CyA/MME/MP 1
Shirai, et al ~/+5 CyA/MME/MP/BXM 4 N
g 9 us w3 @D 286D Sl M 2 kL
il TAC/MMF/MP/BXM/RXM 2
fj; ;i 3‘%‘9 ée.'g) 9'06 2(5,‘)) CyA 64/TAC 5
%“r 69 w418 Fa 2D 49 (9 LA SIMEIMMELS wL
+r1 480 0 PASLG 135/BXM 9/DZM 1/RXM 2
2 95 (21) 63 (39

Hi HTLV-1 $ifk D/R : donor/recipient DHHFTOH HTLV-1 b0 44, ? - X
AZA : azathiopurine, ALG : anti-lymphocyte globulin, BXM : basiliximab, CyA : cyclosporine A, DZM : daclizumab, PSL :
prednisolone, MMF : mycophenolate mofetil, MP : methylprednisolone, MZ : mizoribine, RXM : rituximab, TAC : tacroli-

mus

B & RN ST (M), © P

KL ERIOPBRELEZ b, THER
379 EEEF NS, ATL B X O HAM O RIE
el B shkdol, Lrl, HES B
U S (1998) P i, D+/R-BHAMETL:3
ZBIVEHNLV Yy PRBWTBHBICHR
HTLV-1 FiEXiEb Lz L &5 L Twa, D+/R
- BRI R <, BBRIC X 2 BEEIER
HTHotz,

2. AF0O4 FiZk 3 HTLV-1 PVL DAL

1) BEHR

g, HAM BMAAk e X2 LA 2
% (BS54, w164, FERPIAE 63 B (T
40 ~ 72)), RFEAZE I PSL R 16 %, MP pulse
5% Thorz (£3), 2704 FO1HFELERE

PSL # 25 mg (25~ 5), MP pulse Bt id 4 MP
500mg % 3 F BE L, #3560 PSL & 5.0mg
4~10) THoto

2) PVL o%A4k

PSL B> PVL &P 3 » AHRARICET L
Jed (RELfEIZBASART 133, 3 » A# 80, p<001),
127 BREAELEERD o7 (143, p>
005) (K 1)o MP pulse BOPVL i, 32 H, 12
BEBWAHEREAERD 2o (FNEN
233, 15.0, 205, p>005) (®1), PSL #, MP
pulse BED PVL #fli% 1 $iC PVL OFEWH KT %
B, BICERLIEMNE o7 F72,
ATL BEME Do 7o
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£3 BEER

16

BER (A 5

B/ (N 4/12 1/4

i () 575 (40 ~ 68) 700 (62~ 72)
R (4) 105 (4~ 28) 30 (2~41)
PVL (copies/100cells) 133 (03~ 980) 243 (25 ~ 69.9)
O B T AR 65 (2~8) 80 (3~12)
2704 FEER (mg/day) 25 (25~ 5) *00me; 3days

B S0 (4~ 10)

PSL : prednisolone PIBREE, MP pulse : methylprednisolone pulse #, PVL : HTLV-1 proviral load

i gefti (RERH)

PSL
n.s.

1207 p<0.01

100

80

N ——
=

HTLV-1 proviral load
(copies/100 cells)
D
<]
T

0 8 ¥ 5
BRfAE 358 1258
MP pulse
n.s.
S —— .
1207 ns.
o
P 1004
o2
58 804
£g
8T oo
3
T 8
=8 404
Ec
=)
201 :>.__——£c
0 ° ° ?
BRsART 3»A 1258

X1 A5 04 FEHRRHETHO HTLV-1 proviral load
DR
SEETARITIE Friedman BREH, Dunn ME %17 - 7o
PSL : prednisolone % ji ##, MP pulse : methyl-
prednisolone pulse

zZ B

4, EPSFHRENT LY (2 Tk, BB
A MAT L 69 BIIC ATL 3 X 0"HAM O R i1
Robhidolzt, EMHEOTED (R1) T
3, WEMHIC ATL 11 818 X UTHAM 6 PO 5HE
RO, THHOWE T D/RICET 2 HHAM

WMORBELRRHFASFE L, D+/R-KHBETO
HTLV-1 B¥RB X R+ TEHO ATL B L U
HAM OFHESIC T 2@ onhdro e ¥
7o, A7 B4 FE#RICE ) HTLV-1 PVL X &L
drofs (B1).

$9 D+/R-FBHIZOVWTTH 545, HTLV-1

B & OB BRI ORI T 5 2 EAUR

SNz, L L, HHAROLDBERCRERD
HHIZTEY, 20V 27 FHIZHETH 2 D003
KTHhb, 72, KE»S D+ LB ELHT
ATL BX U HAM ORIER 2o 72 L OREHH
B#%%, HTLV-1 £ HTLV2 ZKBLTBLT, ¥
7RERMAE R IEIT C% L BB &L TR
v, PN 12I ELEW R Y OBBERS D,
HEMOFMEPL D HMETH 5, ATL I25IEH
T HAM bHGETERROEEEEBTH D L2
S, FDYAy EBEBHEONEIT 4y PRAT L AE
WET 52010, 418, 2EN RN 2 IER
DEMPLELEZBND, TOWE, PVLIZXY
YAZHKERITHEELEZONDOT, PVLT
BOBRTHIEICEN Y R ORBIMENI L %
b Lk,

WA R+ B BV CRBEIIBIRE ATL 5
EERRETIHIENCOVTTH LAY, FHHBE
ATL DEFIRED 9 BIAT30 ~ 40 A L BHE D
ATLE DD EERETHAHIE, EHLLR-DH
DFFEZ RO, BB X 5 Bk iy Emn o
DATLRBEZRLTWAZ 55, B &
JEINHIREE A ATL F60E #ARHMES 5 W HEEAS/RIE &
Nbo HTLV-1 EHMIBoHII s RIC & 25
BMOBET, ZOBEELBELT ISR O
WD Do MMM BAEICHSE L/ ATL 2°
Cyclosporine A (CyA) ¥R X DB LIz v
W, MEMHEORBRIEEREL TV O,
—7, 69 Bl AEBISERME (F2) T ATLR
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Kidney Transplantation and Human T-Lymphotropic Virus Type I-Infected Patients
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Naohiko Imai”, Ryuto Nakazawa®, Hideo Sasaki®, Yugo Shibagaki”, Takashi Yasuda”, Tatsuya Chikaraishi®,
Kenjiro Kimura”, Yoshihisa Yamano?
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To assess the safety of kidney transplantation to and from patients infected with human T-lymphotropic virus type
I (HTLV-1) , past cases were reviewed using literature (12 case reports and 6 case series) available on PubMed,
SciVerse Scopus and Ichushi-Web (for Japanese literature) . Data points analyzed include : age, seropositivity of
HTLV-1 in donor and recipient, immunosuppressive agents, follow-up period, the incidence rate of adult T cell leuke-
mia (ATL) and HTLV-l-associated myelopathy/tropical spastic paraparesis (HAM/TSP) . Among the case re-
ports there were 11 patients who developed ATL and 6 patients who developed HAM/TSP following kidney trans-
plantation ; of these, 2 ATL and all 6 HAM/TSP patients were seronegative before transplantation. Among all 6
case series, which included 69 transplants in which either the donor or recipient or both were HTLV-1-positive, no
patients developed ATL or HAM/TSP post-transplant. In addition, at our hospital, we used blood samples from
HAM/TSP patients treated with oral prednisolone or methylprednisolone pulse therapy to assess the influence of
corticosteroids on HTLV-1 proviral load. Proviral loads were not significantly different from before to 12 months af-
ter the corticosteroid therapies. In conclusion, HTLV-1 can be transmitted via transplantation and cause ATL or
HAM/TSP in some recipients. The influence of the immunosuppressive drugs used with kidney transplants remains

to be elucidated.
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