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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-speci�c 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 in�uencing T cell migra-
tion in the lesions have been reported. These cell in�ltrates and cytokines they
secrete in the lesions may damage bystander neural tissue. Furthermore, lon-
gitudinal alterations in the affected spinal cords suggest that the in�ammatory
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 �ring 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.
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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-I is 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 chie�y
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 immunode�-
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, Behçet 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 in�ltration with
the presence of foamy macrophages, proliferation
of astrocytes, and �brillary 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 �ndings are consistent with a patient’s neu-
rological symptoms, such as paraparesis, spasticity,
hyperre�exia, 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 �ndings were also
observed in the brain, although to a lesser degree
(Moe Moe Aye et al, 2000). These results suggest that
in�ammatory changes occurred simultaneously in
the spinal cord and in the brain, with the distribution
of in�ammed vessels closely correlated with the
characteristic vascular architecture of the brain and
the spinal cord, which led to a slowing of blood
�ow.

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 in�ammatory and degen-
erative changes in both lateral funiculi (henceforth
classi�ed as active-chronic lesions), where CD4C
cells, CD8C cells, and macrophages were evenly dis-
tributed (Umehara et al, 1993). Immunohistochem-
istry showed that in�ammatory cytokines, includ-
ing tumor necrosis factor-® (TNF-®), interleukin-1¯

(IL-1¯), and interferon-° (IFN-° ) were expressed
on perivascular in�ltrating macrophages, astrocytes,
and microglia (Umehara et al, 1994a). In striking con-
trast, in patients whose duration of illness was from
8 to 10 years, the spinal cord showed monotonous de-
generation of both lateral funiculi, with a few in�am-
matory cells in the subarachnoid and perivascular
spaces (henceforth classi�ed as inactive-chronic le-
sions). In inactive-chronic lesions, predominance of
CD8C cells over CD4C cells were observed; however,
proin�ammatory 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. CD8C CTLs in�ltrated the CNS of HAM/TSP
As for the pathogenesis of HAM/TSP, CD8C cytotoxic
T lymphocytes (CTLs) against HTLV-I has been con-
sidered as the effecter cells (Jacobson et al, 1990).
To con�rm the role of CD8C CTLs in the forma-
tion of central nervous system (CNS) lesions, the
distribution of TIA-1C 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-1C cells are distributed through-
out the parenchyma and perivascular cuffs (Umehara
et al, 1994b). Dual immunolabeling revealed that
about 80% of TIA-1C cells coexpressed the CD8 anti-
gen. In contrast, TIA-1C cells were scarcely observed
in inactive-chronic lesions, though CD8C cells domi-
nated in the parenchyma and perivascular cuffs. The
number of TIA-1C 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 in�ammatory
lesions, cells undergoing apoptosis were found, most
of them being identi�ed as helper-inducer CD45ROC
T lymphocytes (Umehara et al, 1994b). These �nd-
ings suggest that HTLV-I–speci�c CD8C CTL-induced
apoptosis of CD4C T lymphocytes may be one of the
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possible mechanisms to eliminate HTLV-I–infected
cells from the central nervous system.

3. Fas/FasL expression
HTLV-I–speci�c CD8C CTLs are crucial for viral
clearance in HTLV-I infection. In general, CD8C 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 in�amma-
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 in�ltrating 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 �ndings 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 in�ammatory lesions of HAM/TSP may rep-
resent an immunological response against in�ltration
of FasC 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
CD4C T lymphocytes enter the CNS, and this drives
local expansion of virus speci�c CD8C 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 CD4C 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 in�l-
trating CD4C cells. By a novel in situ PCR technique,
HTLV-I DNA was localized to in�ammatory 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 in�ltrat-
ing CD4C T lymphocytes in active lesions in CNS

specimens from HAM/TSP patients (Moritoyo et al,
1996). Taken together, these �ndings suggest that the
main harborer of the HTLV-I virus may be in�ltrating
CD4C T lymphocytes, and transcription of the tax
gene occurs in some of the HTLV-I–infected CD4C
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 in�ltrates (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 traf�cking into the CNS of HAM/TSP
Leukocyte adhesion molecules to endothelium plays
an important role in the pathogenesis of in�amma-
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). In�ltrating mononuclear cells, especially
perivascular lesions, expressed very late antigen-4
(VLA-4). Monocyte chemoattractant protein-1 (MCP-
1) was also up-regulated on perivascular in�ltrat-
ing cells and vascular endothelium in active-chronic
in�ammatory lesions of HAM/TSP. These �ndings
suggest that VLA-4/VCAM-1 interaction and MCP-1
is involved in mediating T-lymphocyte/macrophage
adhesion and chemotaxis in the CNS in�ammatory
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 in�ammatory 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 in�ammatory mononu-
clear cells in�ltrated 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 nonin�ammatory 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 in�amed 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 ¯-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 in�ammatory lesions
than those of inactive-chronic lesions (Umehara et al,
2000). The close localization to the areas containing
in�ammation (activation of macrophage/microglia) is

Figure 1 Pathological mechanisms of developing HAM/TSP. Mechanism I: CD8C CTL versus target cell (i.e., HTLV-I–infected CD4C
or CD8C T cells) interaction would produce cytokines including IFN-° , which would damage bystander neural tissue. Mechanism II:
Immunoglobulin G speci�c to HTLV-I-tax, which crossreact with heterogeneous nuclear ribonuclear protein-A1 (hnRNP-A1) expressed
in Betz cell, would induce damage to the cell.

striking and suggests that axonal damage is closely
associated with in�ammation 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–speci�c CTL
could contribute to in�ammation (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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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.
CD8C CTL versus target cell (i.e., HTLV-I–infected
CD4C T cells) interaction may play an important role
in the CNS in�ammatory process in HAM/TSP. Re-
cently, CD8C cells were also found to be a viral reser-
voir in vivo for HTLV-I in addition to CD4C cells
(Hanon et al, 2000; Nagai et al, 2001). Therefore the
CD8C 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 in�ammatory cytokines (TNF-® IL1-¯, INF-° ),
which result in in�ltration of HTLV-I–infected T cells
into the CNS. After traf�cking into the CNS, HTLV-
I–infected T cells exhibit signi�cant viral antigen
expression, and the interaction of HTLV-I–infected
CD4C T cells and HTLV-I–speci�c CD8C CTLs may
lead to secretion of cytokines, MMPs, and FasL in
the CNS. In addition, the spontaneous secretion of
IFN-° from HTLV-I–infected CD4C T cells could
activate macrophage/microglias, which could also
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