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Figure 4. Reduced IFN-y production by Tim-3" HTLV-l Tax-specific CTLs. PBMCs from 5 HAM/TSP patients were stimulated with PMA and ionomycin,
and cultured for 6 hours in the presence of brefeldin A. IFN-y production was determined by flow cytometry in CD8™ and CD8* Tax tetramer™ cells with
or without Tim-3 or PD-1 expression. (4, J) Representative data from a HAM/TSP patient are shown. The upper and lower rows show the percentage of
IFN-y* cells in gated CD8™ and CD8*Tax tetramer™ cell populations, respectively. In A, Tim-3" cells within CD8* and Tax tetramer™ cell populations
have a lower percentage of INF-y ¥ cells than do Tim-3 cells. In D, PD-17 cells within CD8™ and Tax tetramer™ cell populations have a higher percentage
of INF-y* cells than do PD-1" cells. (B) Summary data from 5 HAM/TSP patients show a significantly lower percentage of INF-y™* cells within the
CD8*Tim-3* cell population than within the CD8*Tim-3 one, after background subtraction (P = .043 by Wilcoxon signed-rank test). (€) Summary data
from 3 HAM/TSP patients with high percentage of CTLs show a lower percentage of INF-y™ cells within the Tax tetramer " Tim-3* cell population than
within the Tax tetramer ™ Tim-3 one, after background subtraction. (£) Summary data from 5 HAM/TSP patients show a significantly higher percentage of
INF-y* cells within the CD8*PD-1* cell population than within the CD8*PD-1" one (P = .043 by Wilcoxon signed-rank test). (A Summary data from 4
HAM/TSP patients with high percentage of CTLs show a higher percentage of INF-y™ cells within the Tax tetramer*PD-1" cell population than within
the Tax tetramer* PD-17 one.

NOTE: PBMCs: peripheral blood mononuclear cells; HAM/TSP: HTLV-l-associated myelopathy/tropical spastic paraparesis; PMA: phorbol 12-myristate
13-acetate; INF-v: interferon-y; Tim-3: T cell immunoglobulin and mucin domain-containing molecule-3; PD-1: programmed cell death-1; CTLs: cytotoxic T

lymphocytes; Tet: tetramer.

respectively). Conversely, [IFN-y was predominately produced by ~ Reduced CD107a Expression on Tim-3* HTLV-1 Tax-specific

PD-1" cells and less by PD-1" cells in both groups (Figures 4  CTLs
and 4F). Statistical analysis showed a significant difference in IEN-  To assess the cytolytic activity of HTLV-1 Tax-specific CTLs with

¥ production within CD8™ cells, as measured by frequency (P = or without Tim-3 or PD-1 expression, we measured CD107a
.043). However, no difference was observed in the MFL expression after specific peptide stimulation of Tax-specific
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Figure 5. Reduced CD107a expression on Tim-3" HTLV-| Tax-specific CTLs. PBMCs from 8 HAM/TSP patients and 6 carriers were stimulated with
HTLV-I Tax peptide or a control peptide, and cultured in the presence of an anti-CD107a antibody and brefeldin A for 4 hours. The expression of CD107a
on CD8*Tax tetramer ™ cells was analyzed. (4) Representative data from a HAM/TSP patient are shown. In the upper row, Tax peptide-stimulated Tax
tetramer™ cells show a parallel decrease in fluorescence intensity for CD8 and Tax tetramer. The same was not observed with the control peptide. The
percentage of tetramer™ cells is reduced after Tax peptide stimulation. In the lower row, the frequency of CD107a-expressing cells is analyzed in
tetramer*Tim-3" and tetramer* Tim-37 cells. Tetramer*Tim-3" cells show a lower percentage of CD107a™ cells than tetramer *Tim-3™ cells. (B, )
Three HAM/TSP patients from whom more than 10* Tax-tetramer ™ cells could be collected were chosen for a precise evaluation. (B) The summary data
show low CD107a expression in tetramer™ Tim-3* cells in comparison with tetramer™ Tim-3 cells, after background subtraction. () The summary data
show high CD107a expression in tetramer™ PD-1* cells in comparison to tetramer™ PD-17 cells. (0) The percentage of CD107a™ cells within Tax
tetramer™ cells from 8 HAM/TSP patients and 6 carriers is shown. No significant difference was observed in the percentage of CD107a™ cells between
the 2 groups (P = .19 by Mann-Whitney U test). The bars indicate the medians.

NOTE: PBMCs: peripheral blood mononuclear cells; HAM/TSP: HTLV-l-associated myelopathy/tropical spastic paraparesis; HTLV-I: human
T-lymphotropic virus type I; CD107a: cluster of differentiation 107a; HAM: HTLV-l-associated myelopathy/tropical spastic paraparesis; Tet: tetramer.

CTLs from 8 HAM/TSP patients and 6 asymptomatic carriers. cells. At the same time, CD107a expression was higher in tet-
Representative data from a HAM/TSP patient are shown in  ramer"PD-17 cells than in tetramer* PD-1" cells from 3 HAM/
Figure 5A. Specific antigen-induced CD107a expression TSP patients from whom we could collect more than 10* tet-
was higher in tetramer " Tim-3" cells than in tetramer* Tim-3" ramer " cells for a more precise evaluation (Figures 5B and 5C).
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Low expression of Tim-3 on HTLV-I-infected cells. PBMCs from 9 HAM/TSP patients were cultured for 12 hours. Cells were double stained

for the intracellular HTLV-1 Tax protein, using the Lt-4 antibody, and the cell surface Tim-3 or PD-1. {A) After gating on CD4 cells, expression of Tim-3 was
analyzed in either CD4*Lt-4" or CD4¥Lt-4~ cells. Representative data from a HAM/TSP patient show low percentage of Tim-3* cells in CD4™Lt-4*
cells in comparison to CD4™Lt-4™ cells. (B, D) Combined data from 9 HAM/TSP patients show significantly lower Tim-3 expression in CD4*Lt-4* cells
than in CD4*Lt-4 ™ cells. No significant difference in PD-1 expression between both groups was found by Wilcoxon signed-rank test. (C, £) Combined data
from 6 HAM/TSP patients show that Tim-3 expression tended to be lower in CD8*Lt-4™ cells than in CD8¥Lt-4™ cells and that PD-1 expression was
significantly lower in CD87Lt-4™ cells than in CD8¥Lt -4~ cells, by Wilcoxon signed-rank test.

NOTE: PBMCs: peripheral blood mononuclear cells; HAM/TSP: HTLV-l-associated myelopathy/tropical spastic paraparesis; HTLV-l: human
T-lymphotropic virus type I; Tim-3: T cell immunoglobulin and mucin domain-containing molecule-3; PD-1: programmed cell death-1.

Furthermore, when we reanalyzed the frequency or MFI of
CD107a* cells within the Tax tetramer™ cell population, we
could not detect a significant difference between HAM/TSP
patients and asymptomatic carriers (Figure 5D). Also, we
could not detect a significant correlation between the frequency
of CD107a" cells and HTLV-I proviral load (data not shown).

Low Expression of Tim-3 on CD4" HTLV-l-infected Cells

To assess Tim-3 expression on HTLV-I-infected cells, we
cultured PBMCs from 9 HAM/TSP patients for 12 hours in
order to induce the expression of the HTLV-I Tax protein
[30]. After harvesting, Tax protein was simultaneously
detected with Tim-3 or PD-1 (Figure 6A). We observed that

Tim-3 expression was significantly lower in Tax™ CD4" cells
(Lt-4" cells) than in Tax CD4 ™" cells (P = .0077 [Figure 6B]).
On the contrary, we observed no significant differences in
PD-1 expression between Tax*CD4" and Tax CD4" cells
(P = .31 [Figure 6D]). In addition, we assessed the expres-
sion of Tim-3 or PD-1 in infected CD8™ cells from 6 cases
that showed a reasonable percentage of infected CD8™ cells.
We found that Tim-3 expression tended to be lower in
TaxtCD8" cells than in TaxCD8F cells (P = .074
[Figure 6C]), whereas PD-1 expression was significantly
lower in Tax* CD8™ cells than in Tax CD8™ cells (P = .027
[Figure 6E]). No significant correlations were observed be-
tween the MFI of Lt-4-positive cells and the frequency or
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MFI of Tim-3 or PD-1 within CD4" or CD8% cells (data
not shown). The percentage of infected CD4" and CD8™ cells in
asymptomatic carriers or tetramer’ CD8" cells in HAM/TSP
patients was too small to assess Tim-3 or PD-1 expression.

CONCLUSIONS

We found that the proportion of Tim-3" cells within CD4™ and
CD8" T cell populations of HTLV-I-infected individuals (both
HAM/TSP patients and asymptomatic carriers) is significantly
lower than in healthy controls (Figure 1). This reduction was
much clearer in Tax-specific CTLs because the frequency of
Tim-3—expressing cells in CTLs was lower than in the total
CD8™ population of infected individuals (Figures 2B-D). In
addition, Tim-3" cell frequency in HTLV-I Tax-specific CTLs
was significantly lower than in CMV-specific CTLs from HAM/
TSP patients (Figure 2B). Interaction of Tim-3 with its ligand,
galectin-9, regulates Th1 cell responses by promoting the death
of IFN-y—producing Thl cells, suggesting that Tim-3 may play
a role in suppressing Thl-mediated immune responses {18].
Our results showing that the frequency of Tim-3" cells is re-
duced within CD4" and CD8" T cells in HTLV-I infection
strongly suggest that the Thl/Tcl immune response is not
negatively regulated by Tim-3 in HTLV-I infection. Rather,
immune cells such as HTLV-I-specific CTLs may be resistant to
cell death through the Tim-3/galectin-9 pathway [18]. In this
sense, the increased number of Tim-3" HTLV-1 Tax-specific
CTLs may contribute to the control of viral replication. In the
present study, we found that IEN-y production was decreased in
CD8™" cells and HTLV-I Tax-specific CTLs that expressed Tim-3
as compared with their Tim-3" counterparts in HAM/TSP pa-
tients (Figure 4). In addition, CD107a expression was lower in
Tim-3* HTLV-1 Tax-specific CTLs from HAM/TSP patients
(Figure 5). These results indicate that Tim-3 identifies a subset of
CTLs with impaired production of cytokines and cytolytic ac-
tivity. The decreased expression of Tim-3 in HTLV-I infection is
in marked contrast to other chronic viral infections such as HIV
and HCV infections, where Tim-3 expression is increased in T
cells, including the virus-specific CTLs [19, 20]. It would be of
interest to determine whether Tim-3 expression is also reduced
in other chronic viral infections and to clarify the mechanisms
underlying Tim-3 down-regulation in HTLV-I infection.
Interestingly, our data demonstrated that Tim-3 and CD107a
expression in HTLV-I Tax-specific CTLs was not significantly dif-
ferent between HAM/TSP patients and asymptomatic carriers
(Figures 2F and 5D); however, Tim-3 MFI was higher in asymp-
tomatic carriers than in HAM/TSP patients. Our data suggest that
the killing activity of the CTLs is not different between the 2
groups. Controversially, others have reported that CD107a ex-
pression is lower in HTLV-I Tax-specific CTLs from HAM/TSP
patients than from asymptomatic carriers, and that CTL func-
tion is impaired in HAM/TSP patients as compared with

asymptomatic carriers [24]. This controversy may result from
differences in sample type and procedures, including the gating for
tetramer™ cells after antigen stimulation. To address this issue,
more detailed analyses of HTLV-I-specific CTL function in HAM/
TSP patients and asymptomatic carriers would be necessary to
ascertain whether differences could define the clinical condition.

In this study, we found that PD-1 expression levels on T cells
of HAM/TSP patients and asymptomatic carriers were not dif-
ferent from those of healthy controls. However, we observed that
PD-1 expression was significantly higher in HTLV-I Tax-specific
CTLs than in CMV-specific CTLs (Figure 3E) and significantly
higher in HTLV-I Tax-specific CTLs from asymptomatic car-
riers than from HAM/TSP patients. This result is in partial
agreement with a previous study on HTLV-I infection, in which
a marked increase of PD-1 expression was found in HTLV-I
Tax-specific CTLs from both asymptomatic carriers and ATL
patients as compared with CMV- and EBV-specific CTLs [31].
We found that IEN-y production was higher in CD8™ cells and
HTLV-1 Tax-specific CTLs that expressed PD-1 as compared
with their PD-1" counterparts in HAM/TSP patients (Figures 4E
and 4F). In addition, CD107a expression was higher in PD-1"
HTLV-I Tax-specific CTLs of HAM/TSP patients (Figure 5C).
These results indicate that PD-1" HTLV-I Tax-specific CTLs are
capable of producing proinflammatory cytokines and have high
cytolytic activity during HTLV-I infection. An increase in IFN-y
production by PD-1" T cells has been recently shown in simian
immunodeficiency virus (SIV) infection and in an animal model
of autoimmune nephritis [32, 33]. Interestingly, PD-17 cells
were predominantly detected within CD107a” antigen-specific
T cells in SIV infection [34]. In this context, it is proposed that
the primary mechanism by which PD-1 affects CD8™ T cell
function involves regulation of cell proliferation and survival
[32, 35]. Our results suggest that HTLV-I Tax-specific CTLs
exhibit an increased expression of PD-1, albeit a reduced ex-
pression of Tim-3. This is in marked contrast to other chronic
viral infections such as HIV and HCV infections, in which both
PD-1 and Tim-3 are expressed at high levels in the virus-specific
CTLs [19, 20]. Double staining for Tim-3 and PD-1 revealed
that these are expressed by distinct populations of CD8 " T cells
in HIV infection and that the predominance of either Tim-
3'PD-1" or Tim-3PD-17 cells in HIV-specific CTLs
differs among individuals [19]. At the same time, CMV- and
HCV-specific CTLs are predominantly Tim-3PD-1* and
Tim-3*PD-17, respectively [20]. In our study, the average
percentage of PD-1" cells in HTLV-I Tax-specific CTLs was
65.9% and 22.3% in carriers and HAM/TSP patients,
respectively (Figure 3C); the average percentage of Tim-3" cells
was 3.5% and 3.2%, respectively (Figure 2F), suggesting that the
majority of the CTLs expressing T cell exhaustion molecules has
aTim-3"PD-1" phenotype. Taken together, these results suggest
that PD-1 and Tim-3 may have a distinct function in regulating
immune responses in HTLV-1 infection.
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We observed that HTLV-I Tax-expressing cells show a sig-
nificant reduction in Tim-3 expression as compared with
Tax CD4" cells and that Tim-3 expression in Tax"CD8" cells
tends to be lower than in Tax CD8™ cells. Tax"CD8" cells also
showed significantly lower PD-1 expression (Figure 6). This
suggests that HTLV-I-infected cells may be resistant to cell
death through the Tim-3/galectin-9 pathway. HTLV-1 Tax
combines a positive effect on cell cycle with a negative effect on
apoptosis through transactivation of several host genes [36]. It
would be of interest to further investigate whether Tax might
regulate Tim-3 expression.

In summary, we demonstrated that the expression of the
negative immune regulator Tim-3, but not of PD-1, is reduced
on HTLV-I Tax-specific CTLs, CD4™, and CD8™" T cells in both
HAM/TSP patients and asymptomatic carriers. Moreover, we
showed that Tim-3", but not PD-1%, cells produce less IFN-y
and exhibit low cytolytic activity within the CTL population.
Tim-3 expression and CTL cytolytic activity were not
different between HAM/TSP patients and asymptomatic car-
riers. In addition, CD4* HTLV-1 Tax-expressing cells showed
a significant reduction in Tim-3 expression as compared with
Tax'CD4™ cells. These results suggest that HTLV-I Tax-specific
CTLs preserve their cytolytic activity, thereby controlling viral
replication.
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The current and future approaches to the treatment of HTLV -1 ~associated
myelopathy/tropical spastic paraparesis (HAM/TSP)
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Abstract
Human T~lymphotropic virus type 1{HTLV~1} is a retrovirus that is the causative

agent of a progressive neurological disease termed HTLV~1-associated myelopa-
thy/tropical spastic paraparesis (HAM/TSP). HAM/TSP is a chronic neuroinflammatory
disease characterized by spastic paraparesis, lower limb sensory disturbance and
bladder/bowel dysfunction. Over the twenty~five years since the discovery of this
disease, significant advancements have been made in the pathogenic mechanisms
associated with HAM/TSP, however, litile progress has been made in the treatment of
this disorder. This review highlights the natural history of HAM/TSP, informative
results of clinical trials, and discusses the current and future approaches to the
treatment of HAM/TSP within the context of our understanding of the underlying
pathogenic mechanisms.

Key words: HAM/TSP, natural history, biomarker. treatment, unmet medical needs
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