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Glossary

Cytotoxic T cell A cytotoxic T cell belongs to a subgroup of
T lymphocytes with CD8 receptor that are antigen- pecific
and capable of inducing the death of virus-infected
somatic or tumor cells.

Gliosis Gliosis is the process of scarring in the central
nervous system, caused by a proliferation of astrocytes.
Oligoclonal band Oligoclonal bands are bands of
immunoglobulins that are seen when a blood serum

{or plasma) or cerebrospinal fluid (CSF) is analyzed by
protein electrophoresis. The presence of oligoclonal bands

Human T-lymphotropic virus type-1 (HTLV-1) belongs to the
Deltaretrovirus genus of the Orthoretrovirinae subfamily and
infects 10-20 million people worldwide. HTLV-1 can be trans-
mitted through sexual contact, intravenous drug use, and
breastfeeding from mother to child. The infection is endemic
in south-west Japan, the Caribbean, sub-Saharan Africa, South
America, with smaller foci in Southeast Asia, South Africa, and
northeastern Iran. HTLV-1 was initially isolated in 1980 from
two T-cell lymphoblastoid cell lines and the blood of a patient
originally thought to have a cutaneous T-cell lymphoma. It was
the first human retrovirus ever associated with a human cancer.
Three years before the isolation of HTLV-1, a Japanese group
reported adult T-cell leukemia (ATL), a rare form of leukemia
endemic to southwest Japan, as a distinct clinical entity. In
1981, the same group demonstrated that ATL was caused by a
new human retrovirus originally termed ‘ATLV’. Later, ATLV
and HTLV have been shown to be identical, and a single
name HTLV-1 has been adopted. In the mid-1980s, epidemio-
logical data linked HTLV-1 infection with a chronic progressive
neurological disease, which was termed ‘tropical spastic para-
paresis (TSP)" in the Caribbean and 'HTLV-1 associated
myelopathy (HAM) in Japan. HTLV-1-positive TSP and HAM
were subsequently found to be clinically and pathologically
identical and the disease was given a single designation as
HAM/TSP. HTLV-1 can cause other chronic inflammatory
diseases such as uveitis, arthropathy, pulmonary lymphocytic
alveolitis, polymyositis, Sjogren syndrome, and infective
dermatitis. Only approximately 2-3% of infected persons
develop ATL and another 0.25-4% develop chronic inflamma-
tory diseases, while the majority of infected individuals remain
lifelong asymptomatic carriers (ACs). Thus, the viral, host, and
environmental risk factors, as well as the host immune
response against HTLV-1 infection, appear to regulate in the
development of HTLV-1-associated diseases. For over two
decades, the investigation of HTLV-1-mediated pathogenesis
has focused on Tax, an HTLV-1-encoded viral oncoprotein.
Tax activates many cellular genes by binding to groups of
transcription factors and coactivators and is necessary and

in CSF but not in blood serum (or plasma) means the
production of immunoglobulins in central nervous
system, that is, inflammation in the central nervous
system.

Provirus A provirus is the form of the virus which is
capable of being integrated into the chromosome of the
host cell.

Spastic paraparesis Mild or moderate logs of motor
function accompanied by spasticity in the extremities
mainly caused by central nervous system (brain and spinal
cord) diseases.

sufficient for cellular transformation. However, recent reports
have identified another regulatory protein, HTLV-1 basic leu-
cine zipper factor (HBZ), that plays a critical role in the
development of ATL and HAM/TSP,

HTLY-1-Associated Diseases
Adult T-cell leukemia

ATL is a fatal malignancy of mature CD4+ T cells. It arises in

d0020

p0035

only a small proportion of HTLV-I-infected people (1-5% of

infected individuals) after long latency periods following pri-
mary infection. ATL shows diverse clinical features, but can be
divided into four clinical subtypes: smoldering, chronic,
lymphoma, and acute. Each subtype is directly correlated with
the prognosis of patients: the smoldering and chronic types are
indolent, while the acute and lymphoma types are aggressive
and characterized by resistance to chemotherapy and poor
prognosis. Development of ATL is characterized by infiltration
of various tissues with circulating ATL cells, called ‘flower cells’,
which have conspicuous lobulated nuclei. These cells cause
further symptoms including lymphadenopathy, lytic bone
lesions, skin involvement, hepatosplenomegaly, and hypercal-
cemia. Laboratory findings of ATL patients typically reveal a
marked leukocytosis, hypercalcemia, high serum levels of
lactate dehydrogenase (LDH), and a soluble form of
interleukin-2 receptor (IL-2R). In cohort studies of HTLV-1
carriers, the risk factors for ATL appeared to include vertical
infection (mother to child transmission), male gender, older
age, and increasing numbers of abnormal lymphocytes. Since
ATL occurs mainly in vertically infected individuals, but not in
those who become infected later in life, the impairment of
HTLV-1-specific T-cell responses caused by vertical HTLV-1
infection has been suggested as a possible cause of disease
development. The HTLV-I-specific cytotoxic T-cell (CTL)
responses from ATL patients are significantly lower than that
of HAM/TSP patients. However, insufficient HTLV-1-specific
T-cell responses might also occur during and after the onset of
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ATL. Although ATL has a poor prognosis, recent advances in its
treatment have led to significant gains in response rates and
survival. Accumulating evidence suggests that allogeneic bone
marrow transplantation and allogeneic peripheral blood
stem cell transplantation are potent therapies for aggressive
ATL (i.e. the acute and lymphoma type). The combination of
the antiretroviral agent zidovudine (AZT) and interferon-alfa
(IFN-) is also beneficial for overall survival in smoldering and
chronic (i.e., indolent) ATL, although its efficacy has not yet
been confirmed in well-designed prospective studies.

Since the discovery of HTLV-1, the viral transactivator Tax
has been viewed as critical for leukemogenesis, due to its pleio-
tropic effects on both viral and many cellular genes responsible
for cell proliferation, genetic instability, dysregulation of the
cell cycle, and apoptosis. However, Tax expression is not
detected in about 60% of freshly isolated samples from ATL
cases. Recently, the expression of another regulatory protein,
HBZ, has been reported in association with all ATL cases. This
protein, which is encoded in the minus or antisense strand of
the virus genome, promotes proliferation of ATL cells and
induces T-cell lymphomas in CD4+ T cells by transgenic expres-
sion, indicating involvement of HBZ expression in the
development of ATL. In addition, among the HTLV-1-encoded
viral genes, only the HBZ gene sequence remains intact, unaf-
fected by nonsense mutations and deletion. Thus, HBZ
expression is indispensable for proliferation and survival of
ATL cells and HTLV-1-infected cells, and Tax expression is not
always necessary for the development of ATL.

HTLY-1-Associated Myelopathy/Tropisal Spastic Paraparesis

HAM/TSP is a chronic progressive myelopathy characterized
by spastic paraparesis, sphincter dysfunction, and mild sensory
disturbance in the lower extremities. In addition to
neurological symptoms, some HAM/TSP cases also exhibit
autoimmune-like disorders, such as uveitis, arthritis,
T-lymphocyte alveolitis, polymyositis, and Sjogren syndrome.
To date, more than 3000 cases of HAM/TSP have been reported
in HTLV-l-endemic areas. Sporadic cases have also been
described in nonendemic areas such as the United States and
Europe, mainly in immigrants from an HILV-1-endemic area.
The lifetime risk of developing HAM/TSP is different among
ethnic groups, ranging between 0.25% and 4%. The annual
incidence of HAM/TSP is higher among Jamaican subjects
than among Japanese subjects (20 vs. three cases/100000
population), with a 2 to 3 times higher risk for women in
both populations. The period from initial HTLV-1 infection to
the onset of HAM/TSP is assumed to range from months to
decades, a shorter time than for ATL onset. HAM/TSP occurs
both in vertically infected individuals and in those who
become infected later in life (i.e., through sexual contact
(almost exclusively from male to female), intravenous drug
use, contaminated blood transfusions, etc.). The mean age at
onset is 43.8 years and, like other autoimmune diseases, the
frequency of HAM/TSP is higher in women than in men
(the male to female ratio of occurrence is 1:2.3).

The essential histopathological feature of HAM/ISP is a
chronic progressive inflammation in the spinal cord, predomi-
nantly at the thoracic level. The loss of myelin sheaths and
axons in the lateral, anterior, and posterior columns is

associated with perivascular and parenchymal lymphocytic
infiltration, reactive astrocytosis, and fibrillary gliosis. In addi-
tion to HTLV-1 antibody positivity, other laboratory findings of
HAM/TSP include the presence of atypical lymphocytes (the
so-called flower cells) in peripheral blood and cerebrospinal
fluid (CSF), a moderate pleocytosis, and raised protein content
in CSF. Oligoclonal bands, raised concentrations of inflamma-
tory markers such as neopterin, tumor necrosis factor (TNF})-¢,
IL-6 and IFN-y, and an increased intrathecal antibody synthesis
specific for HTLV-1 antigens have also been described in CSF of
HAM/TSP patients.

A previous population association study in HTLV-1 ende-
mic in southwest Japan revealed that one of the major risk
factors is the HTLV-1 proviral load (PVL), as the PVL is signifi-
cantly higher in HAM/TSP patients than in ACs. A high PVL was
also associated with an increased risk of progression to disease.
Higher PVL in HAM/TSP patients than in ACs was also
observed in other endemic areas such as the Caribbean, South
America, and the Middle East. In southwest Japan, an associa-
tion was suggested between possession of the HLA-class I genes
HLA-A*02 and Cw*08 and a statistically significant reduction
in both PVL and the risk of HAM/TSP. By contrast, possession
of HLA-class I HLA-B*5401 and class Il HLA-DRB1*0101 pre-
disposed patients in the same population to HAM/TSP. Since
the function of class I HLA proteins is to present antigenic
peptides to CTL, these results imply that individuals with
HLA-A*02 or HLA-Cw*08 mount a particularly efficient CIL
response against HILV-1, which may be an important determi-
nant of HTLV-1 PVL and the risk of HAM/TSP.

To date, no generally agreed standard treatment regimen
has been established for HAM/TSP, as no treatment for HAM)/
TSP has proven to be consistently effective and long term.
Therefore, current clinical practice for treatment of HAM/TSP
is based on case series and open, nonrandomized uncontrolled
studies. Although mild to moderate beneficial effects have been
reported with corticosteroids, immunosuppressants, high-dose
intravenous gammaglobulin, antibiotics (erythromycin and
fosfomycin), and vitamin C, the clinical benefits are only tran-
sient and limited. The complications of steroid use limit their
use particularly in postinenopausal females, who are at higher
risk of developing HAM/TSP. Only three randomized
placebo-controlled trials have been conducted for HAM/TSP
treatment. These studies indicate that IFN-o is an effective
therapy, with an acceptable side-effects profile. By contrast,
no evidence yet exists of any benefit of zidovudine plus lami-
vudine for treating HAM/TSP. More clinical trials with
adequate power are needed in the future.

Other HTLY-1-Assosiated Diseases

HTLV-1 has been implicated in the pathogenesis of
other inflammatory disorders such as uveitis, arthropathy,
infective dermatitis, pulmonary lymphocytic alveolitis, poly-
myositis, Sjogren syndrome, and autoimmune thyroid
diseases, based on the higher HTLV-1 PVL and the higher
seroprevalence in patients than in ACs. However, direct
evidence for an association between these disorders and
HTLV-1 infection is still lacking. Nonetheless, HTLV-1 may
be a significant trigger for the development of these auto-
immune disorders.
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Minocycline modulates antigen-specific CTL
activity through inactivation of mononuclear
phagocytes in patients with HTLV-Il associated
neurologic disease

Yoshimi Enose-Akahata', Eiji Matsuura'?, Yuetsu Tanaka®, Unsong Oh'* and Steven Jacobson'

Abstract

Background: The activation of mononuclear phagocytes (MPs), including monocytes, macrophages and dendritic
cells, contributes to central nervous system inflammation in various neurological diseases. In HTLV-l-associated
myelopathy/tropical spastic paraparesis (HAM/TSP), MPs are reservoirs of HTLV-I, and induce proinflammatory
cytokines and excess T cell responses. The virus-infected or activated MPs may play a role in immuneregulation
and disease progression in patients with HTLV-l-associated neurological diseases.

Results: Phenotypic analysis of CD14" monocytes in HAM/TSP patients demonstrated high expression of CX3CR1
and HLA-DR in CD14"°"CD16" monocytes, compared to healthy normal donors (NDs) and asymptomatic carriers
(ACs), and the production of TNF-a and IL-1 in cultured CD14" cells of HAM/TSP patients. CD14™ cells of HAM/
TSP patients also showed acceleration of HTLV-I Tax expression in CD4" T cells. Minocycline, an inhibitor of
activated MPs, decreased TNF-au expression in CD14" cells and IL-1B release in PBMCs of HAM/TSP patients.
Minocycline significantly inhibited spontaneous lymphoproliferation and degranulation/IFN-y expression in CD8"
T cells of HAM/TSP patients. Treatment of minocycline also inhibited IFN-y expression in CD8" T cells of HAM/TSP

Keywords: HTLV-, HAM/TSP, monocyte, CTL, minocycline

patients after Tax11-19 stimulation and downregulated MHC class | expression in CD14" cells.

Conclusion; These results demonstrate that minocycline directly inhibits the activated MPs and that the
downregulation of MP function can modulate CD8" T cells function in HAM/TSP patients. It is suggested that
activated MPs may be a therapeutic target for clinical intervention in HAM/TSP.

Background

The human T cell lymphotropic virus I (HTLV-I) infects
20 million people worldwide of which the majority of
infected individuals are asymptomatic carriers (AC) of
the virus [1]. However, in a small percentage of infected
individuals, HTLV-I is the etiologic agent of adult T cell
leukemia/lymphoma (ATL) [2] and a chronic, progres-
sive neurological disease termed HTLV-I-associated
myelopathy/tropical spastic paraparesis (HAM/TSP)
[3,4]. Patients with HAM/TSP demonstrate high HTLV-
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Wiral Immunology Section, Neuroimmunology Branch, National Institute of
Neurological Disorders and Stroke, National Institutes of Health, Bethesda,
Maryland 20892 USA

Full list of author information is available at the end of the article

I proviral DNA load, high HTLV-I Tax mRNA load, -
and high virus-specific immune responses, including
increased production of inflammatory cytokines and
expansion of Tax-specific CD8" T cells [5-9]. A high
frequency of CD4* T cells is persistently infected and
exhibits high expression of Tax protein [10]. These
infected cells are responsible for the increased lympho-
cyte proliferation in patients with HAM/TSP [11]. High
frequency of activated CD8" T cells in peripheral blood
and even higher in cerebrospinal fluid has been reported
[12]. In addition to these strong HTLV-I-associated
T cell responses, it has been suggested that mononuc-
lear phagocytes (MPs; monocytes, dendritic cells, tissue
macrophages and microglia) are also involved in the
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