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Review

Pathological mechanisms of human T-cell

lymphotropic virus type I-associated
myelopathy (HAM/TSP)

Mitsuhiro Osame

Third Department of Internal Medicine, Kagoshima University Faculty of Medicine, Kagoshima, Japan

The recent studies have greatly improved our understanding of the pathologi-
cal mechanisms of human T cell lymphotropic virus type I (HTLV-I)-associated
myelopathy/tropical spastic paraparesis (HAM/TSP). The pathological mecha-
nisms of HAM/TSP based on the histopathological, immunological, and molec-
ular analysis with emphasis on the longitudinal alterations of the disease will
be discussed. Immunohistological examination revealed the existence and the
activation both of HTLV-I-infected CD4; cells and HTLV-I-specific CD8 cyto-
toxic T lymphocytes in the spinal cord lesions, which suggest that they play an
important role in the pathogenesis. Increased expression of several cytokines,
Fas/Fas ligand, adhesion molecules, and molecules influencing T cell migra-
tion in the lesions have been reported. These cell infiltrates and cytokines they
secrete in the lesions may damage bystander neural tissue. Furthermore, lon-
gitudinal alterations in the affected spinal cords suggest that the inflammatory
process is gradually decreased. Epidemiological studies show that less than 5%
of infected individuals develop HAM/TSP and indicate that increased provi-
ral load of HTLV-I is a strong predictor for the development of HAM/TSP. A
recent study has shown that the autoantibody for the ribonuclear protein-A1
can cross-react with HTLV-I Tax protein and inhibit neuronal firing ex vivo,
indicating that a molecular mimicry of the humoral immune response may
be involved in the pathogenesis of HAM/TSP. Based on these studies, two hy-
potheses can be proposed for the pathogenesis of HAM/TSP, where cellular
and humoral immune responses both play important roles. Journal of Neu-
roVirology (2002) 8, 359-364.

Keywords: human T cell lymphotropic virus type 1 (HTLV-I); HTLV-I-
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Introduction

Human T-cell lymphotropic virus type I (HTLV-I)
is known as the causative agent for adult T-cell
leukemia (ATL). This same virus was found to be re-
lated to another human disease, a progressive spas-
tic paraparesis, found independently in two areas
of the world, the Caribbean basin and Japan. In the
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Caribbean basin, 59% of patients with tropical spastic
paraparesis (TSP) had antibodies to HTLV-I (Gessain
et al,1985). In Japan, a high prevalence of primary lat-
eral sclerosis or spinal spastic paraparesis was found
in South Kyushu (Osame et al, 1975). A follow-up
study of this disorder established the existence of a
new disease associated with HTLV-I, named HTLV-I-
associated myelopathy (HAM) (Osame et al, 1986,
1987; Osame and Igata, 1989). The disease is now
known by the acronym HAM/TSP (World Health Or-
ganization, 1989; Osame, 1990). The clinical and lab-
oratory guidelines for the diagnosis of HAM/TSP
have also been formulated, based on the recommen-
dation of the World Health Organization meeting
(World Health Organization, 1989; Osame, 1990).
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HTLV-Iis estimated to infect approximately 10 mil-
lion people worldwide. There are large endemic ar-
eas in southern Japan, Central and West Africa, the
Caribbean, Central and South America, the Middle
East, and smaller foci in the aboriginal populations of
Australia, Papua New Guinea, and northern Japan. In
Europe and North America, the virus is found chiefly
in immigrants from these endemic areas and in some
communities of intravenous drug users. Within the
endemic areas, the seroprevalence varies between
1% and 20%. In contrast to the human immunodefi-
ciency virus (HIV), HTLV-I causes diseases in only
about 5% of infected people. The number of pa-
tients with ATL and HAM/TSP is estimated to be
more than 3000 and 5000, respectively. HTLV-I has
been shown to be associated not only with HAM/TSP
but also with T-lymphocytic alveolitis, polymyosi-
tis, arthritis, and sicca syndrome. There are also
less certain associations with chronic infective der-
matitis, Behcet disease, pseudohypoparathyroidism,
and systemic lupus erythematosus (Kubota et al,
2000).

In this review, the pathological mechanisms of
HAM/TSP will be discussed based mainly on the
histopathological, immunological, and molecular
points of view.

Histopathologic features of HAM /TSP

Pathological analysis indicates that the disease af-
fects the spinal cord, predominantly at the tho-
racic level. There is degeneration of the lateral cor-
ticospinal tract as well as of the spinocerebellar or
spinothalamic tract of the lateral column (Izumo et al,
1992). These lesions are associated with perivascu-
lar and parenchymal lymphocytic infiltration with
the presence of foamy macrophages, proliferation
of astrocytes, and fibrillary gliosis (Umehara et al,
1993). There is also widespread loss of myelin and
axons, particularly in the corticospinal tracts of the
spinal cord. Damage is most severe in the mid-
dle to lower thoracic regions of the spinal cord.
These findings are consistent with a patient’s neu-
rological symptoms, such as paraparesis, spasticity,
hyperreflexia, and Babinski’s sign (Umehara et al,
1993).

A nonrandom distribution of affected regions was
suggested by an autopsy study that showed that the
regions mainly affected are the so-called ‘watershed’
zones of the spinal cord in patients with HAM/TSP
(Izumo et al, 1992). Similar findings were also
observed in the brain, although to a lesser degree
(Moe Moe Aye et al, 2000). These results suggest that
inflammatory changes occurred simultaneously in
the spinal cord and in the brain, with the distribution
of inflammed vessels closely correlated with the
characteristic vascular architecture of the brain and
the spinal cord, which led to a slowing of blood
flow.

1. T-cell subset and cytokine expression

The patients whose illness were of short dura-
tion (2.5 to 4.5 years) showed parenchymal le-
sions both with marked inflammatory and degen-
erative changes in both lateral funiculi (henceforth
classified as active-chronic lesions), where CD4+
cells, CD8+ cells, and macrophages were evenly dis-
tributed (Umehara et al, 1993). Immunohistochem-
istry showed that inflammatory cytokines, includ-
ing tumor necrosis factor-o (TNF-«), interleukin-18
(IL-18), and interferon-y (IFN-y) were expressed
on perivascular infiltrating macrophages, astrocytes,
and microglia (Umehara et al, 1994a). In striking con-
trast, in patients whose duration of illness was from
8to 10 years, the spinal cord showed monotonous de-
generation of both lateral funiculi, with a few inflam-
matory cells in the subarachnoid and perivascular
spaces (henceforth classified as inactive-chronic le-
sions). In inactive-chronic lesions, predominance of
CD8+ cells over CD4+ cells were observed; however,
proinflammatory cytokine expressions were down-
regulated compared with those of active-chronic le-
sions. Many hematogenous macrophages were found
to be recruited in the active-chronic lesions, and both
macrophages and microglias were chronically ac-
tivated. In addition, monocyte/macrophage recruit-
ment and activation was also down-regulated along
with the duration of illness (Abe et al, 1999). These
studies suggest that immune responses in the spinal
cord lesions of HAM/TSP patients gradually change
concomitantly with the duration of illness.

2. CD8+ CTLs infiltrated the CNS of HAM/TSP

As for the pathogenesis of HAM/TSP, CD8+ cytotoxic
T lymphocytes (CTLs) against HTLV-I has been con-
sidered as the effecter cells (Jacobson et al, 1990).
To confirm the role of CD8+ CTLs in the forma-
tion of central nervous system (CNS) lesions, the
distribution of TIA-1+ cells in the spinal cord le-
sions of HAM/TSP was analyzed. A novel mono-
clonal antibody (mAb), designated TIA-1 (Anderson
et al, 1990), recognizes a 15-kDa granule-associated
protein, the expression of which is restricted to CTLs
and natural killer (NK) cells. In active-chronic le-
sions, many TIA-1+ cells are distributed through-
out the parenchyma and perivascular cuffs (Umehara
et al, 1994b). Dual immunolabeling revealed that
about 80% of TIA-1+ cells coexpressed the CD8 anti-
gen. In contrast, TIA-1+ cells were scarcely observed
in inactive-chronic lesions, though CD8+ cells domi-
nated in the parenchyma and perivascular cuffs. The
number of TIA-1+ cells correlated with the amount of
HTLV-I proviral DNA in situ. The protein TIA-1 has
been associated with the induction of apoptosis in
target cells (Tian et al, 1991). In active inflammatory
lesions, cells undergoing apoptosis were found, most
of them being identified as helper-inducer CD45RO+
T lymphocytes (Umehara et al, 1994b). These find-
ings suggest that HTLV-I-specific CD8+ CTL-induced
apoptosis of CD4+ T lymphocytes may be one of the



possible mechanisms to eliminate HTLV-I-infected
cells from the central nervous system.

3. Fas/FasL expression

HTLV-I-specific CD8+ CTLs are crucial for viral
clearance in HTLV-I infection. In general, CD8+ CTLs
exert antiviral effector functions via two basic mecha-
nisms: (1) the exocytosis of perforin-containing gran-
ules on cognate target cells; and (2) the engage-
ment of Fas on cognate or neighboring target cells
by membrane-bound or released Fas ligand (FasL).
Fas/FasL interaction regulates a major pathway in
apoptosis, which may play an important role in me-
diating both the antiviral effects and the inflamma-
tory process in neurological diseases. The level of
soluble Fas is increased in the sera of patients with
HAM compared with controls (Inoue et al, 1997).
The levels of soluble FasL are higher either in the
sera (Inoue et al, 1997) or the CSF (Saito et al, 1998)
of patients in the active stage of HAM. In addition,
FasL,. mRNA expression is up-regulated in periph-
eral blood T lymphocytes (Kawahigashi et al, 1998).
In the spinal cord lesions of HAM/TSP, Fas was
preferentially expressed on infiltrating T cells in ac-
tive chronic lesions (Umehara et al, 2002). FasL ex-
pression was up-regulated on various cells, mainly
microglia/macrophages in active-chronic lesions.
These findings suggest that macrophages/microglias
may play a key role in the elimination of activated
effector T cells in the CNS of HAM/TSP. Therefore,
increased FasL expression by macrophages/microglia
in active inflammatory lesions of HAM/TSP may rep-
resent an immunological response against infiltration
of Fas+ T cells in the CNS. In contrast, FasL ex-
pression was markedly down-regulated in inactive-
chronic lesions of HAM patients who had a long
duration of illness. Taken together, these data sug-
gest that the Fas/FasL system may play a role in the
down-regulation of the immune reaction in the CNS
of HAM/TSP.

4. Localization of HTLV-I in the CNS of HAM/TSP

These series of works suggests that HTLV-I-infected
CD4+ T lymphocytes enter the CNS, and this drives
local expansion of virus specific CD8+ CTLs, which,
along with cytokine, causes pathological chan-
ges. Therefore, it is important to determine which
cells might be targets of CTLs in the CNS. Using
semiquantitative polymerase chain reaction (PCR),
HTLV-I pX, and pol sequences were found to be in-
creased in the thoracic cord areas where CD4+ cells
predominated (Kubota et al, 1994). This proviral load
decreased with the increased length of the patient’s
disease and was paralleled by the number of infil-
trating CD4+ cells. By a novel in situ PCR technique,
HTLV-I DNA was localized to inflammatory UCHL-
1—positive cells (Matsuoka et al, 1998). Using the
same CNS samples, in situ hybridization studies have
accurately localized HTLV-I tax mRNA to infiltrat-
ing CD4+ T lymphocytes in active lesions in CNS
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specimens from HAM/TSP patients (Moritoyo et al,
1996). Taken together, these findings suggest that the
main harborer of the HTLV-I virus may be infiltrating
CD4+ T lymphocytes, and transcription of the tax
gene occurs in some of the HTLV-I-infected CD4+
T lymphocytes.

However, there are some controversial reports that
showed that HTLV-I tax mRNA was localized within
the neural tissue (some of them were astrocytes), but
not in perivascular infiltrates (Lehky et al, 1995). The
reasons for these differences are unknown, but they
may be related to the variations in samples or detec-
tion methods.

5. T cell trafficking into the CNS of HAM/TSP
Leukocyte adhesion molecules to endothelium plays
an important role in the pathogenesis of inflamma-
tory diseases, including HAM/TSP. The spinal cord
lesions of HAM/TSP had greater vascular cell adhe-
sion molecule-1 (VCAM-1) expression on endothe-
lium compared with those of controls (Umehara
et al, 1996). Infiltrating mononuclear cells, especially
perivascular lesions, expressed very late antigen-4
(VLA-4). Monocyte chemoattractant protein-1 (MCP-
1) was also up-regulated on perivascular infiltrat-
ing cells and vascular endothelium in active-chronic
inflammatory lesions of HAM/TSP. These findings
suggest that VLA-4/VCAM-1 interaction and MCP-1
is involved in mediating T-lymphocyte/macrophage
adhesion and chemotaxis in the CNS inflammatory
process.

After transendothelial migration, T cells/macro-
phages then encounter the extracellular matrix (ECM)
and must pass through the basement membrane and
migrate into the interstitial matrix. Proteolytic dis-
ruption of ECM by matrix metalloproteinases (MMPs)
is a key process for the damage of the blood-brain
barrier (BBB). MMPs have been reported to be in-
volved in inflammatory disorders of the CNS. Im-
munohistochemical studies revealed that collagen
IV and decorin immunoreactivity on the basement
membrane of CNS parenchymal vessels was partially
disrupted in areas where inflammatory mononu-
clear cells infiltrated in active-chronic lesions of
HAM/TSP (Umehara et al, 1998). In these lesions,
MMP-2 (gelatinase A) was immunostained mainly on
the surface of foamy macrophages and lymphocytes,
whereas MMP-9 (gelatinase B) expression was pos-
itive in the intravascular and perivascular mononu-
clear cells but not on foamy macrophages. In con-
trast, inactive-chronic lesions of the spinal cords
of HAM/TSP contained much smaller numbers of
MMP-2—-positive or MMP-9—positive mononuclear
cells than active-chronic lesions. Production levels
of MMP-2 and MMP-9 in both sera and CSF were
higher in the patients with HAM/TSP than those
in noninflammatory other neurological disease con-
trols (ONDs). Using zymography, proMMP-9 was
more frequently detected in the CSF of patients with
HAM/TSP than those in ONDs (Giraudon et al, 1996;
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Umehara et al, 1998). Taken together, these data
indicate that MMP-2 and MMP-9 may play an impor-
tant role in the BBB breakdown and tissue remodel-
ing in the CNS of HAM/TSP.

6. Axonal degeneration in spinal cord lesions

of HAM/TSP

Previous neuropathological studies revealed that
both myelin destruction and axonal loss are his-
tological hallmarks of actively inflamed lesions of
HAM/TSP. Particularly, axonal loss is responsible
for the persistent disability characterized by spas-
tic paraparesis and urinary disturbance. The localiza-
tion and extent of B-amyloid precursor protein (APP)
immunoreactivity as a sensitive marker for impair-
ment of fast axonal transport in the spinal cords of
HAM/TSP were investigated. The results from this
study show that APP, used as a marker of early axonal
damage in HAM/TSP lesions, is more intensively
expressed in areas of active inflammatory lesions
than those of inactive-chronic lesions (Umehara et al,
2000). The close localization to the areas containing
inflammation (activation of macrophage/microglia) is
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striking and suggests that axonal damage is closely
associated with inflammation in active-chronic
lesions.

Risk factors for HAM/TSP

The prevalence of HAM/TSP is between 0.1% and
2% of HTLV-I-infected individuals. The lifetime risk
of developing this disease among carriers is estimated
to be 0.23% in Japan (Kaplan et al, 1990). About two-
thirds of patients are female (Nakagawa et al, 1995).
Other known risk factors for HAM/TSP include a
high proviral load of HTLV-I (Nagai et al, 1998) and a
certain HTLV-I subgroup (Furukawa et al, 2000). Most
people infected with HTLV-I mount a strong CTL re-
sponse to the virus (Jacobson et al, 1990; Bangham,
2000). This strong CTL response protects against the
development of HAM/TSP by reducing the proviral
load (Jeffery et al, 1999). However when the proviral
load exceeds a threshold level, HTLV-I-specific CTL
could contribute to inflammation (Nagai et al, 1998;
Jeffery et al, 1999). The immune response to HTLV-I
is now closer to being understood (Bangham, 2000).
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Figure 1 Pathological mechanisms of developing HAM/TSP. Mechanism I: CD8+ CTL versus target cell (i.e., HTLV-I-infected CD4+
or CD8+ T cells) interaction would produce cytokines including IFN-y, which would damage bystander neural tissue. Mechanism II:
Immunoglobulin G specific to HTLV-I-tax, which crossreact with heterogeneous nuclear ribonuclear protein-A1 (hnRNP-A1) expressed
in Betz cell, would induce damage to the cell.



Conclusion

Why does HTLV-I cause HAM/TSP in only less than
5% of infected people? To answer this question,
many risk factors have been found as mentioned
above. The individuals who possess more risk fac-
tors may a greater tendency to develop the disease.
CD8+ CTL versus target cell (i.e., HTLV-I-infected
CD4+ T cells) interaction may play an important role
in the CNS inflammatory process in HAM/TSP. Re-
cently, CD8+ cells were also found to be a viral reser-
voir in vivo for HTLV-I in addition to CD4+ cells
(Hanon et al, 2000; Nagai et al, 2001). Therefore the
CD8+ T cells in the CNS may also be infected by
HTLV-I, although there has been no direct evidence
for it. HTLV-I tax will induce up-regulation of var-
ious molecules such as adhesion molecules, MMP-
9, and inflammatory cytokines (TNF-a IL1-8, INF-y),
which result in infiltration of HTLV-I-infected T cells
into the CNS. After trafficking into the CNS, HTLV-
I-infected T cells exhibit significant viral antigen
expression, and the interaction of HTLV-I-infected
CD4+ T cells and HTLV-I-specific CD8+ CTLs may
lead to secretion of cytokines, MMPs, and FasL in
the CNS. In addition, the spontaneous secretion of
IFN-y from HTLV-I-infected CD4+ T cells could
activate macrophage/microglias, which could also

References

Abe M, Umehara F, Kubota R, Moritoyo T, Izumo S, Osame
M (1999). Activation of macrophage/microglias with ex-
pression of MRP8 and MRP14 is associated with the le-
sional activities in the spinal cord lesions in HTLV-I as-
sociated myelopathy. ] Neurol 246: 358—364.

Anderson P, Nagler-Anderson C, O’Brien C, Levine H,
Watkins S, Slayter HS, Blue ML, Schlossman SF (1990).
A monoclonal antibody reactive with a 15-kDa cytoplas-
mic granule-associated protein defines a subpopulation
of CD8+ T lymphocytes. ] Immunol 144: 574—582.

Bangham C (2000). The immune response to HTLV-I. Curr
Opin Immunol 12: 397—-402.

Furukawa Y, Yamashita M, Usuku K, Izumo S, Nakagawa
M, Osame M (2000). Phylogenetic subgroups of HTLV-I
in fax gene and their association with different risk
to HTLV-I-associated myelopathy/tropical spastic para-
praresis. J Infect Dis 182: 1343—1349.

Gessain A, Barin F, Vernant JC, Gout O, Maurs L,
Calender A, de The G (1985). Antibodies to human
T-lymphotropic virus type-I in patients with tropical
spastic paraparesis. Lancet 2: 407—410.

Giraudon P, Burt S, Bernard A, Thomas N, Beeline
MF (1996). Extracellular matrix-remodeling metallopro-
teinases and infection of the central nervous system with
retrovirus human T-lymphotropic virus type I (HTLV-I).
Prog Neurobiol 49: 169-184.

Hanon E, Stinchcombe JC, Saito M, Asquith BE, Taylor GP,
Tanaka Y, Weber JN, Griffiths GM, Bangham CR (2000).
Fratricide among CD8(+) T lymphocytes naturally in-
fected with human T cell lymphotropic virus type L.
Immunity 13: 657-664.

HTLV-l-associated myelopathy
M Osame 363

secret IFN-y. These cytokines would damage by-
stander neural tissue (mechanism I, Figure 1).

A recent study supports an additional hypothe-
sis that antibodies would identify a CNS autoanti-
gen in HAM/TSP (Levin et al, 2002). Immunoglobulin
G isolated from HAM/TSP patients identified hetero-
geneous nuclear ribonuclear protein-A1 (hnRNP-A1)
as the autoantigen. Antibodies to hnRNP-A1 cross-
reacted with HTLV-I tax. Immunoglobulin G specif-
ically stained human Betz cells. Infusion of autoan-
tibodies in brain sections inhibited neuronal firing
(Levin et al, 2002). These data suggest that molecular
mimicry between HTLV-I and hnRNP-A1 might be
involved in the pathogenesis of HAM/TSP (mecha-
nism II, Figure 1).

Which of these two mechanisms might play a more
important role in developing HAM/TSP? The distri-
bution of the affected lesions in the CNS of HAM/TSP
(Izumo et al, 1992; Moe Moe Aye et al, 2000) and
the histopathological view described in this review
support the more important role of mechanism I.
Immunological studies show the important role of
T cells (Nagai and Jacobson, 2001), again indicating
the importance of mechanism I. HAM/TSP might be
caused mainly by mechanism I, and mechanism II
might be playing an additional role for developing
HAM/TSP (Figure 1).

Inoue A, Koh CS, Sakai T, Yamazaki M, Yanagisawa N,
Usuku K, Osame M (1997). Detection of the soluble form
of the Fas molecule in patients with multiple sclero-
sis and human T-lymphotropic virus type I-associated
myelopathy. ] Neuroimmunol 75: 141—-146.

Izumo S, Tjichi T, Higuchi I, Tashiro A, Takahashi K,
Osame M (1992). Neuropathology of HTLV-I-associated
myelopathy: A report of two autopsy cases. Acta Paedi-
atr Jpn 34: 358-364.

Jacobson S, Shida H, McFarlin DE, Fauci AS, Koenig S
(1990). Circulating CD8+ cytotoxic lymphocytes spe-
cific for HTLV-I in patients with HTLV-I associated neu-
rological disease. Nature 348: 245—248.

Jeffery KJM, Usuku K, Hall SE, Matsumoto W, Taylor GP,
Procter J, Bunce M, Ogg GS, Welsh KI, Weber JN, Lloyd
AL, Nowak MA, Nagai M, Kodama D, Izumo S, Osame
M, Bangham CR (1999). HLA alleles determine human
T-lymphotropic virus-I (HTLV-I) proviral load and the
risk of HTLV-I-associated myelopathy. Proc Natl Acad
Sci USA 96: 3848—3853.

Kaplan J, Osame M, Kubota H (1990). The risk of de-
veloping HTLV-I associated myelopathy/tropical spas-
tic paraparesis (HAM/TSP) among persons infected with
HTLV-1. ] AIDS 3: 1096—-1101.

Kawahigashi N, Furukawa Y, Saito M, Usuku K, Osame M
(1998). Predominant expression of Fas ligand mRNA in
CD8+ T lymphocytes in patients with HTLV-I-associated
myelopathy. ] Neuroimmunol 90: 199—206.

Kubota R, Osame M, Jacobson S (2000). Retrovirus:
Human T-cell lymphotropic virus type I-associated dis-
eases and immune dysfunction. In: Effects of Microbes



HTLV-l-associated myelopathy
364 M Osame

on the Inmune System. Cunningham MW, Fujinami RS
(eds). Lippincott Williams & Wilkins: Philadelphia, pp
349-371.

Kubota R, Umehara F, Izumo S, Jjichi S, Matsumuro K,
Yashiki S, Fujiyoshi T, Sonoda S, Osame M (1994).
HTLV-I proviral DNA amount correlates with infiltrat-
ing CD4+ lymphocytes in the spinal cord from patients
with HTLV-I-associated myelopathy. | Neuroimmunol
53: 23-29.

Lehky TJ, Fox CH, Koenig S, Levin MC, Flerlage N,
Izumo S, Sato E, Raine CS, Osame M, Jacobson S
(1995). Detection of human T-lymphotropic virus type I
(HTLV-I) tax mRNA in the central nervous system
of HTLV-I-associated myelopathy/tropical spastic para-
paresis patients by in situ hybridization. Ann Neurol 37:
167-175.

Levin MG, Lee SM, Kalume F, Morcos Y, Dohan FC, Jr, Hasty
KA, Callaway JC, ZuntJ, Desiderio DM, Stuart JM (2002).
Autoimmunity due to molecular mimicry as a cause of
neurological disease. Nat Med 8: 509—513.

Matsuoka E, Takenouchi H, Hashimoto K, Kashio N,
Moritoyo T, Higuchi I, Isashiki Y, Sato E, Osame M,
Izumo S (1998). Perivascular T-cells are infected with
HTLV-I in the spinal cord lesions with HAM/TSP: Dou-
ble staining of immunohistochemistry and PCR in situ
hybridization. Acta Neuropathol 96: 340—346.

Moe Moe Aye, Matsuoka E, Moritoyo Umehara F, Suehara
M, Hokezu Y, Yamanaka H, Isashiki Y, Osame M, Izumo
S (2000). Histopathological analysis of four autopsy
cases of HTLV-I-associated myelopathy/tropical spas-
tic paraparesis: Inflammatory changes occur simulta-
neously in the entire central nervous system. Acta
Neuropathol 100: 245—-252.

Moritoyo T, Reinhart TA, Moritoyo H, Sato E, Izumo S,
Osame M, Haase AT (1996). Human T-lymphotropic
virus type I-associated myelopathy and tax gene expres-
sion in CD4+ T lymphocytes. Ann Neurol 40: 84—90.

Nagai M, Brennan MB, Sakai JA, Mora CA, Jacobson S
(2001). CD8+ T cells are an in vivo reservoir for human
T-cell lymphotropic virus type 1. Blood 98: 1858—1861.

Nagai M, Jacobson S (2001). Immunopathogenesis of
human T cell lymphotropic virus type I-associated
myelopathy. Curr Opin Neurol 14: 381-386.

Nagai M, Usuku K, Matsumoto W, Kodama D, Takenouchi
N, Moritoyo T, Hashiguchi S, Ichinose M, Bangham CR,
Izumo S, Osame M (1998). Analysis of HTLV-I proviral
load in 202 HAM/TSP patients and 243 asymptomatic
HTLV-I carriers: High proviral load strongly predisposes
to HAM/TSP. | NeuroVirol 4: 586—593.

Nakagawa M, Izumo S, Ijichi S, Kubota H, Arimura
K, Kawabata M, Osame M (1995). HTLV-I-associated
myelopathy: Analysis of 213 patients based on clinical
features and laboratory findings. ] NeuroVirol 1: 50-61.

Osame M (1990). Review of WHO Kagoshima Meeting and
Diagnostic Guidelines for HAM/TSP. In: Human Retrovi-
rology: HTLV. Blattner WA (ed). Raven Press: New York,
pp 191-197.

Osame M, Arima H, Norimatsu K, Kawahira, Okatsu Y,
Nagamatsu K, Igata A (1975). Epidemiostatistical stud-
ies of muscular atrophy in Southern Kyushu (Kagoshima
and Okinawa prefectures). Jpn | Med 14: 230-231.

Osame M, Igata A (1989). The history of discovery and
clinico-epidemiology of HTLV-I-associated myelopathy
(HAM). Jpn | Med 28: 412—-414.

Osame M, Matsumoto M, Usuku K, Izumo S, [jichi N,
Amitani H, Tara M, Igata A (1987). Chronic progres-
sive myelopathy associated with elevated antibodies to
human T-lymphotropic virus type I and adult T-cell
leukemia like cells. Ann Neurol 21: 117-122.

Osame M, Usuku K, Izumo S, Ijichi N, Amitani H, Igata
A, Matsumoto M, Tara M (1986). HTLV-I associated
myelopathy, a new clinical entity. Lancet I: 1031-1032.

Saito M, Nakamura N, Nagai M, Shirakawa K, Sato H,
Kawahigashi N, Furukawa Y, Usuku K, Nakagawa M,
Izumo S, Osame M (1998). Increased levels of solu-
ble Fas ligand in CSF of rapidly progressive HTLV-
I-associated myelopathy/tropical spastic paraparesis.
J Neuroimmunol 98: 221-226.

Tian Q, Streuli M, Saito H, Schlossman SF, Anderson P
(1991). A polyadenylate binding protein localized to
the granules of cytolytic lymphocytes induces DNA
fragmentation in target cells. Cell 67: 629—639.

Umehara F, Abe M, Koeeda Y, Izumo S, Osame M (2000).
Axonal damage revealed by accumulation of g-amyloid
precursor protein in HTLV-I-associated myelopathy.
J Neurol Sci 176: 95—-101.

Umehara F, Itoh K, Michizono K, Abe M, Izumo S, Osame
M (2002). Involvement of Fas/Fas ligand system in
the spinal cords of HTLV-I-associated myelopathy. Acta
Neuropathol 91: 343-350.

Umehara F, Izumo S, Nakagawa M, Ronquillo AT,
Takahashi K, Sato E, Osame M (1993). Immunocy-
tochemical analysis of the cellular infiltrate in the
spinal cord lesions in HTLV-I-associated myelopathy. J
Neuropathol Exp Neurol 52: 424—430.

Umehara F, Izumo S, Ronquillo AT, Matsumuro K, Osame
M (1994a). Cytokine expression in the spinal cord le-
sions in HTLV-I-associated myelopathy. ] Neuropathol
Exp Neurol 53: 72-77.

UmeharaF, Izumo S, Takeya M, Sato E, Osame M (1996). Ex-
pression of adhesion molecules and monocyte chemoat-
tractant protein-1 (MCP-1) in the spinal cord lesions
in HTLV-I-associated myelopathy. Acta Neuropathol91:
343-350.

Umehara F, Nakamura A, Izumo S, Kubota R, Ijichi S,
Kashio N, Hashimoto K, Usuku K, Sato E, Osame M
(1994b). Apoptosis of T- lymphocytes in the spinal cord
lesions in HTLV-I-associated myelopathy: A possible
mechanism to control viral infection in the central ner-
vous system. | Neuropathol Exp Neurol 53: 617—624.

Umehara F, Okada Y, Fujimoto N, Abe M, Izumo S,
Osame M (1998). Expression of matrix metallopro-
teinases and tissue inhibitors of metalloproteinases
in HTLV-I-associated myelopathy. | Neuropathol Exp
Neurol 57: 839-849.

World Health Organization (1989). Report of the scientific
group on HTLV-I and associated diseases, Kagoshima,
Japan, December 1988. Available from Manila,
Philippines: World Health Organization, March
1989; Virus diseases. Human T-lymphotropic virus
type I, HTLV-1. WHO Wkly Epidemiol Rec 49: 382—383.
(Abstract.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


