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HTLY-I infection and the nervous system

Utano Tomaru, Yoshihisa Yamano, and Steven Jacobson

Introduction

The human T-cell lymphotropic virus type I (HTLV-1) is an exogenous human
retrovirus that infects 10-20 million people worldwide (Poiesz et al., 1980; de
The and Bomford, 1993). This virus has been demonstrated to be the etiologic
agent in adult T-cell leukemia (ATL), a progressive neurological disease called
HTLV-l-associated myelopathy/tropical spastic paraparesis (HAM/TSP), and
other inflammatory diseases including uveitis, arthritis, myositis, and alveoli-
tis (Uchiyama et al, 1977; Gessain et al.,, 1985; Osame et al., 1986b; Sugimoto
etal, 1987; Vernant et al., 1988; Sasaki et al, 1989; Ohba et al,, 1989; Nishioka
et al., 1989; Morgan et al., 1989; Sato et al., 1991; Mochizuki et al, 1992;
Higuchi et al, 1993; Leon-Monzon et al,, 1994; Terada et al,, 1994). While
HTLV-I persists throughout life, fewer than 5% of individuals infected with
HTLV:I develop ATL or HAM/TSP, and the vast majority remains as asymp-
tomatic carriers (Uchiyama, 1997). For nearly two decades, HTLV-I has been
studied because of its association with a broad spectrum of virus-related
diseases including hematological malignancies and inflammatory disorders;

however, it is still unclear how HTLV-I infection induces these different
diseases in a subset of infected individuals.

This chapter will review the biology of HTLV-1 and current approaches
for understanding the immunopathogenesis of HTLV-I-associated neuro-
logical disease. Based on recent studies, virus-host immunological inter-
actions, specifically cellular immune responses of HTLV-I-specific CDS+ T
cells, have been suggested to play an important role in the pathogenesis of
HAM/TSP. A more complete understanding of HTLV-1 and host imnune
responses will allow for the development of immunotherapeutic strategies
for the treatment of this chronic progressive neurologic disease.

Biology of HTLY-I
Genetic structure of HTLY-]

HTLV-1 was the first retrovirus known to be associated with human disease.

‘HTLV-1 belongs to the Oncoviridae subfamily of retroviruses, which

Provirus
LTR gag pol env pX LTR-
Viral protein pl® Reverse transcriptase  gp46 p40tax
p24 RNaseH gp21 p2T7rex
pls Integrase p2lrex
Protease

mRNA

gag-pol mRNA

env mRNA

pX mRNA

Fig. 23.1 Structure of HTLV-I. The HTLV-l proviral genome has the gag, pol, and env genes, flanked by long terminal repeat (LTR) sequences on both sides. A unique
structure is found between env and the 3'-LTR, which is named the pX gene and encodes the regulatory proteins p40tax, p27rex, and p2irex. Three major mRNA
species have been identified for HTLV-I; full-length mRNA is utilized for synthesis of gag and pol gene products and is also the genomic RNA packaged into virions.

A single-spliced subgenomic mRNA encodes the env gene product. A second subgenomic mRNA has two introns removed (doubly spliced or completely spliced) and

encodes the tax and rex gene products.
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includes HTLV-11, bovine Jeukemia virus (BLV), and simian T-cell leukemia
virus (STLV) (Koralnik, 1996; Brady, 1996). Similar to other retroviruses,
the HTLV-1 proviral genome has the group antigen (gag), polymerase (pol),
and envelope (env) genes flanked by long terminal repeat (LTR) sequence at
both ends (Fig. 23.1) (Seiki et al, 1983). The characteristic feature of this
retroviral group is an additional proviral sequence of regulatory genes at the
3’-end of the proviral genome (Seiki et al., 1983). This sequence, called pX
(tax) in HTLV-], contains four open reading frames and codes for three
major regulatory proteins, p40tax, p27rex and p21rex (Koralnik, 1996).

The p40tax (Tax) protein has the capacity to transactivate viral transcrip-
tion through indirect action upon the Tax-responsive element to the LTR as
well as numerous cellular genes through several cellular transcription factors
such as cyclic AMP response element binding protein (CREB), nuclear factor-
KB (NF-xB), serum response factor (SRF), and basic helix- loop-helix pro-
teins (bHLH) (Leung and Nabel, 1988; Zhao and Giam, 1991; Fujii et al,
1992; Suzuki er al, 1993; Uittenbogaard et al., 1994). Transactivated cellular
genes include cytokines, cytokine receptors, proto-oncogenes, and adhesion
molecules such as interleukin-2 (IL-2), IL-3, IL-6, tumor necrosis factor-o
(TNF-01), granulocyte/macrophage colony- stimulating factor (GM-CSF),
uansforming growth factor-pf1 (TGF-B1), nerve growth factor-§ (NGF-f),
1L-2 receptor (IL-2R) a-chain, c-fos, c-sis, and parathyroid hormone related
protein (Brady, 1996). In contrast, the expression of certain genes such as Ick,
and the -polymerase gene which is involved in DNA repair, are down-regu-
lated by the Tax protein (Lernasson et al,, 1997; Jeang et al., 1990).

Although the function of the HTLV-1 p2 1rex protein is still unclear, like
the HTLV-1 Tax protein, the p27rex (Rex) protein is essential for HTLV-]
replication, but unlike Tax, Rex acts at a post-transcriptional leve] to regu-
late viral gene expression. Rex has been shown to increase the expression of
unspliced mRNA coding for viral structure and enzymatic proteins, Gag
and Pol, and singly spliced mRNA coding for Env protein, while Rex in-
directly inhibits the expression of the doubly spliced mRNA coding for Tax
and Rex (Seiki er al, 1988; Hidaka er al., 1988; Koralnik, 1996) (Fig. 23.1).
The ultimate effect of Rex is therefore to regulate the levels of expression of
genes encoding virion components, and thus determining whether infec-
tious virions are produced (Koralnik, 1996).

Genetic variation of HTLV-I]

HTLV-I can be classified phylogenetically into three major groups:
Cosmopolitan, Central African, and Melanesian. Because different clinical out-
comes are associated with an HTLV-I infection, it is important to clarify
whether a specific variant of HTLV-I is associated with a particudar HTLV-]-
related disease. However, despite considerable studies, there is no significant
indication that specific subtypes of HTLV-] are associated with particular
pathologic consequences. For example, there are no consistent differences
between subgroups from patients with ATL and those from patients with
HAM/TSP. Recently, Furukawa et al. (2000) demonstrated that there was a four
nucleotide substitution in the HTLV-I tax gene that was associated with a high
risk of the development of HAM/TSP. Although it is still unclear how this
HTLV-I taxvariant is directly related to the pathogenesis of HAM/TSP, it is pos-
sible that a variation in HTLV-I tax gene alters host immune function, because
HTLV-I Tax protein is a strong transactivator of numerous host genes including
inflammatory cytokines, and is dominant epitope recognized by HTLV-1-
specific CD8+ cytotoxic T lymphocytes (CTL) (Niewresk e al, 1995).

HTLY-I infectivity

Although extensive studies have been performed, the cellular receptor for

HTLV-1 has not been identified. In vitro infection experiments suggested that

the HTLV-I receptor has a wide species and cell type distribution (Clapham er
ill., 1983; Yamamoto et al, 1984; Krichbaum-Stenger et al, 1987). The gene
encoding the receptor was mapped to chromosome 17 and further localized to
17923.2-25.3 (Sommerfelt er al, 1988; Gavalchin et al, 1995), although Jater
studies have questioned thisassignment (Okuma et al,, 1999; Jassal et al, 2001).

HTLV-T can infect a wide range of human and non-human cells in vitro
(Trejo and Ratner, 2000); however, as in human immunodeficiency virus

typel (HIV-1) infection, the lymphatic organs are the major reservoir in
the HTLV-1-infected individuals (Jacobson et al., 1997; Kazanji et al, 2000).
HTLV-I has been thought to preferentially infect CD4+ T cells in vivo
(Richardson et al,, 1990), and recent work using quantitative polymerase
chain reaction (PCR) indicated that CD8+ T cells were also a significant
in vivo cellular reservoir for HTLV-I (Nagai et al., 2001a). There is some
evidence that macrophages and dendritic cells also might be infected in vivo
(Hoffman et al.,, 1992; Koyanagi et al, 1993; Ali et al, 1993). Therefore,
from 90-99% of the HTLV-1 proviral DNA in peripheral blood from in-
fected patients is found in CD4+ or CD8+ T cells (Richardson et al,, 1990;
Hanon et al,, 2000; Nagai et al., 2001a).

In addition to peripheral blood, there are several reports that have demon-
strated viral Jocalization in infiltrating inflammatory cells or resident cells with-
in central nervous system (CNS) lesions (Hara et al, 1994; Furukawa et al,
1994; Lehky et al,, 1995; Moritoyo et al,, 1996). For example, in the atfected
lesions of the spinal cord, infiltrating CD4+ T cells have been shown by in situ
PCR hybridization to have proviral DNA, and to express viral protein by in situ
hybridization (Hara et al,, 1994; Moritoyo et al,, 1996). HTLV-I RNA has been
reported to be localized in resident astrocyte populations in the affected spinal
cord (Lehky et al,, 1995). Other potential cell types harboring HTLV-1 proviral
DNA in the CNS may include macrophages, microglial cells, oligodendrocytes,
and neurons, however, HTLV-I proviral DNA or viral RINA and protein have
not yet been conclusively demonstrated in these cell types in the CNS (Hara
et al,, 1994; Kubota et al, 1994; Lehky et al,, 1995; Moritoyo er al, 1996).

T-cell immortalization and transformation by
HTLV-I|

One of the striking abilities of HTLV-1 that appears to be associated with onco-
genesis and immune abnormalities is immortalization and transformation of
T cells. In contrast to the cytopathic effect of HIV-1 for its host CD4+ cell,

- HTLV-1 infection is not directly cytotoxic. However, HTLV-1 can activate and

immortalize human T lymphocytes in vitro, resulting in oligoclonal or mono-
clanal expansion of HTLV-I-infected cells in the absence of exogenous IL-2
(Kimata and Ratner, 1991). While HTLV-] has been demonstrated to be onco-
genic in humans, HTLV-1 does not contain homologous sequences to any
known proto-oncogenes in the viral construct. In addition, HTLV-I has been
known to integrate randomly into the host genomic DNA, and there is no
specific integration site where the virus can selectively up-regulate proto-
oncogene expression by a cis-acting effect (Seiki et al., 1983; Koralnik, 1996).

It has been shown that HTLV-I Tax is critical for transformation of T
lymphocytes, because specific mutations of the HTLV-1 1ax gene eliminate
the transforming potential of the virus (Grassmamn et al, 1992). HTLV-1
Tax can transactivate IL-2 and IL-2R genes, the products of which have a
pivotal role in T-cell proliferation and differentiation. This observation
leads to the suggestion of an IL-2 autocrine model for T-cell transformation
by HTLV-1 (Brady, 1996; Arima ct al, 1986). However, while ATL cells
expressed abundant IL-2R on their surface, the majority of ATL cells do not
respond to IL-2 and produce undetectable levels of this cytokine, indicating
that the IL-2 autocrine model does not solely account for leukemogenesis
(Arya er al, 1984; Kodaka et al., 1989). Recently, it has been demonstrated
that HTLV-1 transformation is associated with constitutive activation of the
Janus family of tyrosine kinases (JAK)/signal transducers and activators of
transcription (STAT) pathway (Migone et al, 1995).

Epidemioltogy of HTLV-I

HTLV-T is distributed worldwide, and 10-20 million people are infected
(Poiesz et al.,, 1980; de The and Bomford, 1993). There are small clusters of
high prevalence, most notably in the southern region of Japan (Kyushu,
Shikoku, Okinawa), the Caribbean (Jamaica, Trinidad, Martinique,
Barbados, Haiti), the equatorial regions of Africa (Ivory Coast, Nigeria,
Zaire, Kenya, Tanzania), South America (Brazil, Colombia), the Middle
East (Iran), and Melanesia (Tajima and Hinuma, 1984; Levine ef al., 1988;
Mueller, 1991; Kaplan and Khabbaz, 1993; Tajima et al., 1994; Blatiner and
Gallo, 1994; Gessain, 1996). This highly restricted geographic seropreval-
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ence is a remarkable feature of HTLV-1 epidemiology. The seroprevalence
rate in the endemic areas can exceed 30% and the majority of infected indi-
viduals ave clinically asymiptomatic (Gessain, 1996). In the general popula-
tion of the USA, the seroprevalence of HTLV-[ is as Jow a5 0.025%, but it can
be as high as 2.1% in the southeastern region of the country (Williams et al.,
1988; Khabbaz et al, 1990). 1t is not surprising that the prevalence of
HTLV-1 is significantly higher in intravenous drug users and patients in
clinics for sexually transmitted diseases (Khabbaz et al.,, 1992).

Transmission of HTLY-

Unlike HIV-1, there is little or no cell-free HTLV-I in the plasma, therefore
HTLV-I requires cell-to-cell contact to infect other cells. In vitro, efficient
infection can occur by co-cultivation with HTLV-I-infected cells (Yamamoto
et al, 1982; Hollsberg and Hafler, 1993), where cell-free infection is ex-
tremely inefficient. Indeed, epidemiological studies suggest that transmis-
sion of HTLV-1 in vivo also requires infected cells (Okochi et al,, 1984;
Lairmore er al., 1989; Sandler et al., 1991). There is no evidence for the trans-
mission of HTLV-1 by cell-free blood products including factor VIII (Okochi
er al., 1984; Lairmore et al,, 1989; Sandler et al,, 1991).

The modes of transmission include perinatal transmission, sexual trans-
mission, and transmission by blood, either from transfusion or by contam-
inated needles and syringes. Mother-to-child transmission occurs mainly
via breast milk, and this is the major mode of transmission in endemic
areas. As breast milk is known to contain maternal HTLV-I-infected T cells,
approximately 10-30% of children fed breast milk from HTLV-I-infected
mothers become infected with HTLV-1 (Hino et al,, 1985, 1994; Ando eral,
1987; Gessain, 1996). A preventive program in which HTLV-[-infected
mothers were advised not to feed their children with breast milk led to a
significant decrease of mother-to-child infection, from 20-30% to 3% inan
endemic area of Japan (Hino et al, 1994). A reduction in the duration of
breast feeding to less than 6 months may also decrease the possibility
of mother-to-child infection (Takahashi et al,, 1991). Other mechanisms of
transmission, such as transplacental, have been less well documented.

Sexual transmission is greater from infected men to women than from
infected women to men, probably through HTLV-I-infected T cells in se-
men (Murphy et al., 1989; Gessain, 1996). Some studies estimate the trans-
mission risk for HTLV-] seropositive husbands to wives as approximately
60% over 10 years, while 0.4% of husbands with HTLV-] seropositive wives
can be infected in the same period (Kajiyama et al,, 1986). Transmission by
breast milk generally requires breast feeding for more than 7 months, and
wives of seropositive husbands reach 50% seroconversion after 1 to 4 years
of marriage. These finding suggest inefficient transmission of HTLV-I and
the need for multiple exposures (Xu et al,, 1996).

In contrast, transmission of HTLV-I after receiving a contaminated
whole blood transfusion and transmission among drug abusers through
shared needles is well documented. Transmission by blood appears very
efficient, and 25% of the patients with HAM/TSP in Japan have had a
transfusion history (Osame et al, 1990b). It has been indicated that most
patients seroconvert after receiving contaminated blood and that up to 20%
of those receiving contaminated blood develop a myelopathy (Gessain and
Gout, 1992). This is an extraordinary percentage and suggests that an infec-
tion by this route of inoculation (with greater dosage of virus or greater
numbers of infected cells) imposes particular risk for developing myelo-
pathy or that reinfection causes activation or induces an immune response
related to the development of neurologic disease. The number of new
HAM/TSP patients dramatically decreased after screening for HTLV-1 in
blood donors was launched in Japan (Osame et al,, 19864, 1990b).

HTLY-Il infection and the nervous system
Clinical features of HAM/TSP

Several neurological manifestations have been linked to HTLV-1 infection,
e.g. muscular atrophy, polymyositis, peripheral neuropathy, polyradicu-
lopathy, cranial neuropathy, meningitis, encephalopathy (Osame, 1990);

however, the most common neurological disorder associated with an
HTLV-1 infection is HTLV-1-associated myelopathy/tropical spastic para-
paresis (HAM/TSP) (Gessain et al., 1985; Osame et al, 1986D).

HAM/TSP is characterized clinically by paraparesis associated with spas-
ticity, hyper-reflexia, and Babinski’s sign of the lower extremities (Osame
etal, 1987, 1990a; Osame and McArthar, 1990; McFarlin and Blattner,
1991). The main neurological symptoms of HFAM/TSP include bladder dys-
function, paraesthesia, low lumber pain, and impairment of vibration sense
(Osame, 1990). Less {requent neurological findings are ataxia, hand tremor,
optic atrophy, deafness, nystagmus, and other cranial nerve deficits. Con-
vulsions, cognitive impairment, and dementia are rare. Usually HAM/TSP
progress slowly over many years, but rarely acute cases have been observed
(Osame, 1990).

The age of onset is usually 35 to 45 years, but can be as early as 12 years
of age (Osame et al, 1990D; McFarlin and Blattner, 1991). HAM/TSP is
three times more prevalent in women than men (Osame and McArthur,
1990; Osame et al., 1990b). The incubation period from time of infection
to onset of disease ranges typically from years to decades, but can be as
short as 18 weeks following blood transtusion with HTLV-I-contaminated
blood (Osame eral, 19864, 1987, 1990b; Gout er al., 1990). A quarter of the
HAM/TSP patients in Japan have a previous history of blood transfusion
(Osame et al., 19864, 1990b). In these cases, progression of symptoms
appears to be more rapid than in those patients with HAM/TSP who
acquired HTLV-1 through vertical transmission. Familial occurrence of
HAM/TSP has been reported in a total of 44 cases in Japan and in occa-
sional tropical cases (Osame ez al., 1990b).

It has been reported that several inflammatory diseases, such as Sjégren’s
syndrome (Vernant et al., 1988), arthropathy (Kitajima et al, 1989), alve-
olitis (Sugimoto et al., 1987), uveitis (Sasaki et al, 1989), and interstitial
cystitis (Nomata et al, 1992), occasionally occur in conjunction with
HAM/TSP. In a clinical analysis of 213 cases of HAM/TSP patients in Japan,
other organ diseases were frequently observed in HAMJ/TSP patients,
including leukoencephalopathy (69%), abnormal chest X-ray (50%),
Sjdgren’s syndrome (25%), and arthropathy (17%) (Nakagawa et al,, 1995).

Diagnostic investigations of HAM/TSP

As shown in Table 23.1, the diagnosis of HAM/TSP is based on clinical cri-
teria in association with positive serum and cerebrospinal fluid (CSF) anti-
body titers to HTLV-], as determined by enzyme-linked immunosorbent
assay (ELISA), particle agglutination (PA) testing, Western blot (WB), and
immunofluorescent assays (IFA) (Osame, 1990).

In HAM/TSP, anti-HTLV-1-specific antibodies (Osame er al, 1987;
Gessain et al., 1988), HTLV-1 proviral DNA (Puccioni-Sohler er al., 1999},
and HTLV-] Tax-expressing lymphocytes (Moritoyo et al,, 1999) can be
detected both in peripheral blood and CSE. ATL-like cells make up approx-
imately 1% of peripheral lymphocytes in about 50% of HAM/TSP patients
(Osame et al., 1987). Furthermore, there are several additional non-specific
findings in CSF which demonstrate inflammatory changes, including mild
lymphocytic pleocytosis, mild protein elevation, elevated 1yG synthesis and
1gG index (which indicates antibody production in the CSF), oligoclonal
bands (Osame et al., 1987; Ceroni et al., 1988; Link et al., 1989; Jacobson
et al., 1990a; Hollsberg and Hafler, 1993), and increased neopterin levels
(Nomoto et al., 1991). Neopterin is released by macrophages under stimu-
lation by T lymphocytes, and measurement of neopterin in the CSF can be
a useful marker for the differential diagnosis of HAM/TSP, specifically to
rule out HAM/TSP in HTLV-! carriers suffering from other forms of
chronic myelopathy, such as cervical spondylosis, spinal canal stenosis, or
chronic multiple sclerosis (Nomoto et al., 1991).

MRI of the spinal cord of HAM/TSP patients may show swelling or atro-
phy, and MRI of the brain shows periventricular white matter lesions in as
many as 50% of patients (Mattson et al, 1987; Cruickshank et al, 1989;
Godoy et al., 1995; Nakagawa et al,, 1995). Electrophysiologic abnormalities
are frequently seen in lower-limb somatosensory evoked potentials, peri-
pheral nerve conductions, and visual and brainstem evoked potentials
(Arimura er al,, 1987, 1989; Ludolph er al,, 1988; Cruickshank et al,, 1989).
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Table 23.1 Diagnostic guidelines for human T-cell lymphotropic virus type l-associated myelopathy/tropical spastic paraparesis

Clinical criteria

The florid picture of chronic spastic paraparesis is not always seen when the patient first comes to medical attention.

A single symptom or physical sign may be the only evidence of early HAM/TSP

A. Age and sex incidence
8. Onset

C. Main neurologic manifestations

Usually insidious, but may be sudden

pory

Mostly sporadic and adult, but sometimes familial: occasionally seen in childhood: female patients predominant

. Chronic spastic paraparesis usually slowly but sometimes remains static after progression

2. Weakness of the lower limb occurs and is more marked proximally

3, Bladder disturbance is usually an early feature, constipation usually occurs later, and impotence or decreased libido is

common

4, Sensory symptoms, such as tingling, pins-and-needles sensation, and burning, are more prominent than objective physical

signs

- w0 om N o U

D. Less frequent neurologic findings
depressed ankle jerk are found

. Low lumber pain with radiation to the legs is common

. Vibration sense is frequently impaired: proprioception is less often affected

. Hyper-reflexia of the lower limbs, often with clonus and Babinbki's sign, occurs

. Hyper-reflexia of the upper limbs and positive Hoffmann's and Tromner's signs are frequent; weakness may be absent
Exaggerated jaw jerk is seen in some patients

. Cerebellar signs, optic atrophy, deafness, nystagmus and other cranial nerve deficits, hand tremor, and absent or

2. Convuisions, cognitive impairment, dementia, and impaired consciousness are rare

E. Other neurologic manifestations
that may be associated with
HAM/TSP

and encephalopathy may be noted

F. Systemic non-neurologic
manifestations that may be
associated with HAM/TSP

Laboratory diagnosis

Muscular atrophy, fasciculations (rare): polymyositis, peripheral neuropathy, polyradiculopathy. cranial neuropathy, meningitis,

Pulmonary alveolotis, uveitis, Sjdgren's syndrome, arthropathy, vasculitis, ichthyosis, cryoglobulinemia, monoclonal
gammopathy, and adult T-cell leukemia/lymphoma may be found

A. HTLV-l antibodies or antigens are present in blood and CSF

B. CSF may show mild lymphocytic pleocytosis

C. Lobulated lymphocytes may be present in blood and/or CSF

D. Mild to moderate increase of protein concentration may be present in CSF

E. Viral isolation when possible from blood and/or CSF

In addition, electromyographic abnormalities of lower thoracic paraspinal
muscles are frequently seen and help in the diagnosis of HAM/TSP
(Arimura et al., 1995).

Host genetic background in HAM/TSP

As mentioned, the majority (95%) of HTLV-I-infected individuals remain
asymptomatic while fewer than 5% develop clinical disease. A number of pos-
sibilities have been proposed to explain these vastly different outcomes of an
HTLV-1infection, including the suggestion that the genetic background of the
host is important for development of HAM/TSP and ATL. Indeed, several
studies have demonstrated an association between HTLV-I-related diseases
and genetic background, specifically with HLA allele typing. In patients with
HAM/TSP, HLA-typing studies have shown an increased frequency of HLA-
DRB1*0101 (Sonoda et al, 1996). In addition, there are 3 few studies which
have demonstrated the association of HLA-A*201 in HAM/TSP patients.
Previously, it was demonstrated that HLA-A*201 was associated with reduc-
tion in both the HTLV-1 proviral load and the risk of development of neuro-
logic disease (Jeffery et al., 1999), although this report has been challenged by
a more recent study that showed that there was no significant difference in the
frequency of HLA-A*201 in the development of HAM/TSP (Yashiki et al,
2001). Vine et al. (2002} showed polymorphisms in TNF-a-8634, SDF-1 and
1L-15 that were associated with increased risk of HAM/TSP.

Neuropathology in HAM/TSP

Neuropathological indings in HAM/TSP have demonstrated that the
affected site is predominantly the spinal cord, especially the thoracic region
(Izumo et al,, 1989; Levin and Jacobson, 1997). Inflammatory changes are

most pronounced in the affected lesions and include mononuclear cellular
infiltration, destruction of myelin sheaths and axons, and gliosis (Iwasaki,
1990; Umehara et al,, 1993).

Of interest is the observation that the neuropathology of HRAM/TSP
appears to change gradually during the progression of the disease. Initially,
most of the infiltrating cells are CD4+ T lymphocytes, CD8+ T cells, or
macrophages in the predominantly perivascular areas (Umehara et al,
1993). Later in the disease, the number of CD8+ T cells in the affected
lesions increases (Umehara er al, 1993; Levin er al, 1997). CD8+ cells,
thought to represent functionally cytotoxic cells, are observed frequently in
active chronic lesions and occasionally in inactive chronic lesions in
HAM/TSP patients (Umehara et al., 1994b). In addition to the detection of
inflammatory cells in the affected lesions of HAM/TSP, the expression of
pro-inflammatory cytokines (such as IL-1f, TNF-q, and IFN-y) and adhe-
sion molecules (Umehara et al., 1996) were also detected in the spinal cord
of HAM/TSP patients (Urnehara et al,, 1994a). As the disease progresses to
a more inactive chronic form, the number of inflammatory cells as well as
the expression of inflammatory cytokines decreases.

To investigate the immunopathogenesis of HAM/TSP, extensive efforts
have been made to localize HTLV-I in the CNS lesions of HAM/TSP
patients and to determine which cells might serve as targets for inflammat-
ory CD8+ cells in the CNS. HTLV-1 gag, pX, and pol sequences have been
reported to localize in the thoracic cord areas (Akizuki et al., 1989; Yoshioka
et al, 1993) and greater in areas of increased CD4+ cell infiltration. By
using in situ hybridization, both HTLV-1 proviral DNA and RNA were
detected in many infiltrating CD4+ T lymphocytes (Hara er al,, 1994;
Moritoyo et al, 1996; Matsuoka et al,, 1998), and resident astrocytes also
have been reported to be positive for HTLV-1 RNA (Lehky et al,, 1995).
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Immune responses and immune abnormalities in
HAM/TSP

Although immune responses against virus are typically beneficial in elim-
inating infected cells and in recovery from viral infection, virus-specific
immune response can also be immunopathologic and cause disease. A
number of immunologic parameters have been described in HAM/TSP
including HTLV-I proviral load, humoral and cellular immune response,
and cytokine production. Based on a large body of evidence, it has been
suggested that HTLV-1-specific immune responses and immune dysregula-
tion contribute to the inflammatory process in the CNS of HAM/TSP
patients.

Humoral immune response to HTLY-l

The humeoral immune response in HTLV- infection is mainly directed
against products of HTLV-I envelope {env), core (gag), and pX genes
(Constantine et al, 1992). In general, HAM/TSP patients tend to have

increased levels of HTLV-1-specific antibodies {Gessain and Gout, 1992),

and antibodies against HTLV-I can be readily detected in serum (Chen
¢t al., 1989; Palker et al, 1989; Ida et al,, 1991; Inoue et al., 1992) and CSF
(Gessain er al, 1988; Ceroni et ul,, 1988; McLean et al, 198%; Link et al.,
1989; Jacobson et al.,, 1990a; Nakamura er al,, 1991; Kitze er al,, 1995).
Unlike other acute viral infections, seroconversion to HTLV-I does not
mean that the virus has been eliminated. The first specific antibodies to
appear after HTLV-1 infection are directed against Gag protein and pre-
dominate in the first 2 months. Subsequently, anti-envelope antibodies
appear, and finally about 50% of infected people produce detectable levels
of antibodies to the Tax protein (Manns et al, 1991).

An important question is the function of anti-HTLV-1 antibodies in
HAM/TSP. Although some peptide-specific antibodies have been shown to
neutralize HTLV-] in vitro (Inoue et al, 1992), high levels of these antibod-
ies were found both in serum and CSF of many patients with HAM/TSP.

A. HAMITSP PBMC

B. Asymptomatic carrier PBMC

The titer of anti-HTLV-I antibodies correlates with the provirus load and
may reach very high levels. Some studies suggested that antibody titer (par-
ticularly to HTLV-1 Tax) was proportional to the severity of disease (Osame
et al., 1987). Therefore, it is unlikely that these antibodies have a protective
effect against HTLV-l-associated CNS disease, although they may be
important to initially control HTLV-I infection after transmission by trans-
fusion or in infancy (Hino et al,, 1985).

Cellular immune response to HTLY-I

HTLV-I-specific cytotoxic T lymphocytes (CTL) have been investigated in
the pathogenesis of HAM/TSP. CTL have an important role in the normal
immunologically mediated recovery from infectious disease through recog-
nition and subsequent elimination of foreign antigens. Utilizing their anti-
gen-specific T-cell receptors, CTL recognize foreign proteins as short
peptide fragments in association with HLA, CD8+ CTL recognize foreign
antigens in the context of HLA Class | molecules while CD4+ CTL recog-
nize slightly larger peptide fragments in association with HLA Class I
molecules. Both populations have been shown to be beneficial in eliminat-
ing infected cells and in recovery from viral infection. However, it has been
suggested that virus-specific CTL could also be immunopathologic. Since a
characteristic feature of HAM/TSP is an accumulation of inflammatory T
lymphocytes in the affected lesion, and it has been known that immuno-
modulatory therapies such as prednisolone can be effective in reducing
clinical symptoms of HAM/TSP, it is possible that T-cell antiviral immune
responses are closely related to the immunopathogenesis of HAM/TSP.

To date there has been relatively little information on the CD4+ T-cell
responses against HTLV-I in patients with HAM/TSP. The HLA-DRBI1*
0101 haplotype (an HLA Class 11 allele) is related to a higher risk of HAMY/
TSP (Sonoda et al., 1996; Jeffery et al, 1999). Immunodominant epitopes
in the HTLV-1 env gp21 and gp46 were demonstrated from CD4+ T lym-
phocytes in patients with HAM/TSP (Jacobson et al, 1991; Kitze et al,
1998). These CD4+ HTLV-1-specific CTL could only be demonstrated after

Fig. 23.2 Representative flow cytometry
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repeated in vitro antigenic stimulation. In addition, HTLV-1-specific CD4+
CTL were demonstrated from patients with HAM/TSP as well as asymp-
tomatic HTLV-] carriers (Jacobson et al, 1991; Kannagi et al, 1994).
Recently, Goon et al. (2002) demonstrated that frequencies of HTLV-1 Env-
and Tax-specific CD4+ T cells were greater in HAM/TSP than in asympto-
matic carriers, and that HTLV-1-specific CD4+ T cells in the patients with
HAM/TSP were mainly of the T helper 1 (Th1) phenotype. Although the
role of CD4+ T-cell responses in the HAM/TSP is not fully understood,
CD4+ T cells might be important for inducing efficient HTLV-] humora
and cellular immune responses (Ahmed and Gray, 1996).

One of the most striking features of the cellular imimune responses in
HAM/TSP patients is the extraordinarily increased numbers of HTLV-I-
specific CD8+ T cells in peripheral blood mononuclear cells (PBMC) and
CSF (Jacobson et al., 1990b; Elovaara et al,, 1993; Kubota et al., 1998; Nagai
etal, 2001 Yamano et al, 2002). Although HTLV-I-specific CD8+ cells are
seen in PBMC of asymptomatic carriers (Parker et al,, 1992; Yamano et al.,
2002), the magnitude and {requency of these responses are higher in pa-
tients with neurologic disease (Elovaara et al, 1993; Yamano et al, 2002).
Several experimental studies have generated strongly corroborative evid-
ence that there is an intense CD8+ cytotoxic T-cell response against the
HTLV-1 Tax protein in HAM/TSP (Jacobson et al, 1990b; Kannagi et al,
1992; Daenke et al, 1996). Specifically, the HTLV-I Tax 11-19 peptide
(LLFGYPVYV) was defined as an immunodominant epitope by HLA-A2-
restricted CD8+ CTL (Koenig et al, 1993; Parker et al,, 1994). Recently,
HTLV-1 Tax peptide-Joaded HLA-A2 (*0201) dimers and tetramers were
developed and used to demonstrate HTLV-1 Tax-specific HLA-A2-restrict-
ed CD8+ cells (Greten et al., 1998; Bieganowska et al, 1999). Using these
techniques, HTLV-1 Tax 11-19-specific CD8+ cells froms PBMC of HLA-A2
HAM/TSP patients were found to represent an extraordinarily high pro-
portion of the total CD8+ population (as high as 31% of CD8+ cells in
some HAM/TSP patients) (Fig. 23.2) (Greten et al, 1998; Nagai et al,
2001b; Yamano et al,, 2002). In addition, the high frequency of HTLV-I-
specific CD8+ cells in HAM/TSP patients correlates with the production of
several cytokines such as IFN-y, TNF-o, and IL-2 (Kubota et al, 1998).

Immune dysfunction and immunological abnormalities in
HAM/TSP

Abnormalities in cellular immune responses of HAM/TSP patients have
also been identified. Natural killer cells tend to be diminished in both num-
ber and activity in HAM/TSP (Kitajima et al,, 1988). In particular, the phe-
nomenon of spontaneous lymphoproliferation, defined as the ability of
PBMC to proliferate ex vivo in the absence of antigenic stimulation or IL-2,
has been well described in HAM/TSP PBMC, in HTLV-1 asymptomatic car-
riers, and in HTLV-Il-infected persons (itoyama et al, 1988; Kramer et al,
1989). However, the magnitude of the response is typically higher in
HAM/TSP patients (Wiktor et al., 1991). The spontaneous lymphoprolifer-
ation of HTLV-1-infected PBMC is thought to consist of two components;
proliferation of HTLV-I-infected CD4+ cells and expansion of CD8+ cells
(1jichi et al., 1989; Eiraku er al,, 1992; Nagai et al, 1995; Machigashira et al,
1997). Jjichi et al. (1989, 1993) proposed that this in vitro spontaneous
lymphoproliferation may epitomize the immunological events occurring in
the CNS of HAM/TSP patients, where high inducibility of viral antigens
and increased CD8+ cell respanse may induce severe inflammation.

Expression of cytokine and immune-mediated molecules in
HAM/TSP

Elevated levels of several pro-inflammatory cytokines, chemokines, matrix

. metalloproteinase (MMP) which is implicated in extracellular matrix

degradation, and adhesion molecules have been demonstrated in serum,
CSF, and spinal cord lesions of HAM/TSP patients (Kuroda and Matsui,
1993; Nakamura et al., 1993; Umehara er al., 1994a). Patients have elevated
levels of cytokines such as [FN—y, TNF-a, and IL-6, in serum and CSF
(Nishimoto et al, 1990; Hollsberg and Hafler, 1993; Kuroda and Matsui,
1993; Nakamura et al., 1993; Furuya er al,, 1999). IL-12 (p70 heterodimer)
is also elevated in serum (Furuya et al, 1999). Moreover, mRNA expression

of 1L-1pB, IL-2, TNF-0, and IFN-y has been shown to be up-regulated in the
PBMC of patients with HAM/TSP (Tendler et al, 1990, 1991). The levels of
MMP-9 and tissue inhibitors of metalloproteinases (TIMP)-3 in CSF of
HAM/TSP patients were higher than that of HTLV-1 carriers without
neurological symptoms (Lezin et al, 2000). HAM/TSP patients have
increased levels of soluble vascular cell adhesion molecule-1 (VCAM-1) in
sera and CSF (Matsuda et al,, 1995). In addition to the detection of these
molecules from serum and CSF of patients with HAM/TSP, immunohisto-
chemistry showed localized expression of pro-inflammatory cytokines such
as IL-1B, TNF-o, and IFN-y in the perivascular infltrating cells (Umehara
et al, 1994a). MMP-2, MMP-9, and very late antigen-4 (VLA-4) were also
detected in infiltrating cells (Umehars er al,, 1998), and the expression of
VCAM-1 was demonstrated on endothelium cells in the spinal cord lesions
of HAM/TSP (Umehara et al.,, 1996). Moreover, lymphocyte function-
associated antigen-1 (LFA-1), Mac-1, and monocyte chemoattractant pro-
tein-1 (MCP-1) were up-regulated in CNS lesions (Umehara et al., 1996).

It has been reported that CD4+ T cells from patients with HAM/TSP can
spontaneously express pro-inflammatory cytokines such as IFN-y, TNF-o,
and GM-CSF (Nishiura et al, 1996). In addition, these pro-inflammatory
cytokines secreted by HTLV-I-infected CD4+ T cells can induce production
of MMP-2, -3, and -9 and TIMP-1, -2, and -3 in human astrocytes in vitro
(Giraudon et al, 2000). Moreover, it has been demonstrated that HTLV-]
Tax 11-19-specific CD8+ CTL clones from HLA-A2 HAM/TSP patients
can secrete pro-inflammatory cytokines, chemokines, and matrix metallo-
proteinase upon recognition of the HTLV-I Tax 11-19 peptide, including
IFN-y, TNF-a, macrophage inflammatory protein (MIP)-1¢, IL-1B, IL-2,
IL-6, and MMP-9 (Biddison et al., 1997; Kubota et al., 1998). This IFN-y
production was observed with co-cultivation with autologous CDA cells or
HTLV-1 Tax 11-19 peptide-pulsed HLA-A2-matched cells, and suppressed
by anti-HLA Class | antibodies. Similar to the increased frequency of
HTLV-1-specific CTL in HAM/TSP (Jacobson et al, 1990b; Kannagi et al.,
1991; Elovaara et al,, 1993; Koenig et al., 1993), CD8+ T cells of HAM/TSP
patients also have a potential to produce JFN-y and TNF-a. at a high fre-
quency in comparison with asymptomatic carriers or healthy controls.

The recently described cytokine IL-15 has also been reported to be
increased in PBMC from HAM/TSP patients (Azimi et al,, 2000), and may
function to maintain virus-specific CD8+ T cells in vivo (Ku et al., 2000;
Azimi et al, 2001).

Autoimmune responses

Although an autoimmune hypothesis had been proposed in the pathogen-
esis of HAM/TSP (Hollsberg and Hafler, 1993; Oger and Dekaban, 1995), to
date there are only a few immunological studies which suggest that autoim-
mune responses may play a role in the pathogenesis of HAM/TSP. Levin
et al. (1998) previously showed that 1gG antibody from patients with
HAM/TSP specifically labeled neurons in uninfected CNS, but not cells in
the other organs. Antibodies to a neuronal antigen could be demonstrated
in all tested patients with HAM/TSP by Western blot, but not in HTLV-1-
uninfected controls. Interestingly, by Western blotting, HTLV-] Tax-specific
antibodies labeled a neuronal protein with the same molecular weight to the
1gG antibody from patients with HAM/TSP, suggesting that antibodies tc
the viral Tax protein bound to the same neuronal antigen as patient anti-
bodies. Most recently, they identified a neuronal protein, hnRNP-A), as ¢
target antigen recognized by IgG antibody from patients with HAM/TSP a¢
well as Tax-specific antibody. In addition (Levin et al,, 2002) they demon-
strated that affinity-purified antibodies from patients and Tax antibodies
inhibit neuronal function, indicating that the observed cross-reactivity witk
a neuronal protein may be relevant in the pathogenesis of the HTLV-1-
associated neurological disease.

Hara et al. (1994) reported that the lymphocytes in the spinal corc
lesions of HAM/TSP patients have a unique CDR3 motif, which has beer
demonstrated in brain lesions of multiple sclerosis and experimental auto-
immune encephalomyelitis by the analysis of T-cell receptor VB genes
suggesting that a T-cell clone recognizing autoantigens was activated by
HTLV-1 and that this clone was related to the pathogenesis of HAM/TSP.
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Migration of HTLY-l-infected cells into the CNS

HAM/TSP is an inflammatory disease of the spinal cord where inflammat-
ory cells, predominantly T cells (both CD4+ and CD3$+), infiltrate peri-
vascular area (Umehara et al, 1993). To understand the pathogenesis of
HAM/TSP, it is important to know the process of migration of inflammat-
ory cells from the periphery into CNS lesions.

in PBMC of patients with HAM/TSP, HTLV-I has been shown to prefer-
entially infect CD4+ and CD8+ T cells in vivo (Richardson et al., 1990;

Nagai et al., 2001a). Since it was demonstrated that HTLV-I-infected lym- -

phocytes shared the same HTLV-I integration site of cellular DNA in both
the peripheral blood and CSF from a HAM/TSP patient, this suggested that
HTLV-l-infected cells migrate from peripheral blood to CNS in vive
(Cavrois et al, 2000). Although the mechanism of migration of HTLV-I-
infected cells to the CNS s still unclear, several possibilities have been
demonstrated. In patients with HAM/TSP, CD4+ T cells (particularly
HTLV-1-infected CD4+ cells) have been shown to increase adherent activ-
ity 10 endothelial cells and transmigrating activity through basement mem-
branes (Ichinose et al.,, 1992, 1994; Furuya et al,, 1997). In addition, it has
been observed that CD4+ cells of patients with HAM/TSP have splicing
variants of CD44 (v6 variants). CD44 is known as a multifunctional cell
adhesion molecule as well as a lymphocyte homing receptor. Interestingly,
these splicing variants of CD44 were highly detected in PBMC (especially
CD4+ cells) from HAM/TSP and in some of HTLV-I-infected cells by
in situ PCR {Matsuoka et al., 2000).

As mentioned, it has been known that the nunber of CD8+ T cells in the
affected lesions increases later in disease and infiltration of CD8+ cells is
observed frequently in active chronic lesions of HAM/TSP patients
(Umehara et al,, 1993, 1994D; Levin et al., 1997). Indeed, it has been demon-
strated that the frequency of HTLV-I-specific CD8+ T cells in CSF is much
higher than in PBMC of HAM/TSP patients (Fig. 23.2) (Elovaara et al.,
1993; Greten et al., 1998), and that this accumulation was HTLV-1-specific
{Nagai et al., 2001 ¢). These results suggest that HTLV-1-specific CD8+ T cells
rmay preferentially migrate into the CSF from peripheral blood and/or these
cells may selectively expand in this compartment. The increased expression
of T-cell activation markers has demonstrated in HTLV-I Tax-specific CD8+
T cells in the PBMC of HAM/TSP patients, suggesting that these cells may
have selective advantage to migrate into the CNS of HAM/TSP patients
(Nagai et al., 2001b,0).

HTLV-I proviral load and mRNA expression in
HAM/TSP

As noted, HTLV-I-specific immune responses and immune abnormalities
are significantly related to the pathogenesis of HAM/TSP, specifically with
regard to viral antigen-specific CD8+ T-cell responses. A important ques-
tion is how HTLV-I-specific immune responses are continuously stimulated
in HAM/TSP patients. There is considerable evidence to suggest that a high
HTLV-1 proviral load in patients with HAM/TSP may drive increased
HTLV-1-specific immune responses (Fig. 23.3). In PBMC of HAM/TSP
patients, it has been demonstrated that HTLV-1 proviral loads are signific-
antly higher than in asymptomatic HTLV-I carriers (Yoshida et al, 1989;
Gessain et al., 1990b; Kira et al, 1991; Kubota et al, 1993). More recently,
using newly established real-time quantitative PCR techniques, it has been
reported that the level of HTLV-I proviral DNA in the PBMC of HAM/TSP
patients is approximately 16-fold greater than in asymptomatic carriers
(Nagai et al., 1998). For example, HAM/TSP patients had usually 2-20
copies per 100 isolated PBMC (and certain HAM/TSP patients had as many
as 60 copies of HTLV-I proviral DNA per 100 isolated PBMC), while the
median value of HTLV-1 proviral load in asymptomatic carriers was around
0.1-1 copy per 100 isolated PBMC. Moreover, analysis of HTLV-1 proviral
loads from lymphocytes of the CSF of HAM/TSP patients also demon-
strated high levels of HTLV-1 tax DNA (Nagai et al,, 2001¢). Importantly,
HTLV-1 proviral levels were even higher compared with PBMC proviral
loads. In HLA A201 HAM/TSP patients, the increased HTLV-I proviral
DNA loads in CSF were proportional to the frequency of HTLV-I Tax
11~19-specific CD8+ T cells. These observations support the hypothesis
that the HTLV-1 proviral load may drive the increased HTLV-I-specific
immune responses that have been suggested to be immunopathogenic in
HAM/TSP (Fig. 23.3). Interestingly, the HTLV-I proviral loads of HTLV-I
asymptomatic carriers in the families of HAM/TSP patients were higher
than those of unrelated asymptomatic carriers, suggesting that genetic fac-
tors may also influence HTLV-1 proviral levels (Nagai et al,, 1998, 2001¢).
Paradoxically, even though a high proviral DNA load is characteristic of
HAM/TSP patients, the expression of HTLV-I in PBMC appears to be low
(Shimoyama et al, 1983; Sugamura et al,, 1984; Tochikura et al, 1985;
Kinoshita er al., 1989; Gessain et al., 1990a). These observations have led a
number of investigators to consider that HTLV-I may be latent in peri-
pheral blood. Recently, using a newly established real-time quantitative RT-
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Fig. 23.3 Scheme of induction of
HTLV-l-specific CD8+ T-cell responses
associated with immunopathogenesis of
HTLV-l-associated myelopathy/tropical spastic
paraparesis (HAM/TSP). High levels of
HTLV-! proviral load are observed in the
patients with HAM/TSP, which is directly
proportional to increased mRNA levels for
HTLV-I tax. Elevated levels of HTLV:] tax
mRNA lead to increased expression of
HTLV-1 protein that can be processed into
immunodominant peptides. HTLVY-I peptides
(e.g- Tax 11-19). strongly bind to HLA-
A*201 molecules and can stimulate virus-
specific CD8+ T-cell responses (which are
detected by HLA-A*201/Tax 11-19-specific
tetramers). These antigen-specific responses
are expanded in the cerebrospinal fluid of
HAM/TSP patients and may contribute to
disease progression.
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PCR technique, it was demonstrated that HTLV-] mRNA load in PBMC of
HAM/TSP patients appeared to be significantly higher than that in asymp-
tomatic HTLV-1 carriers (0.004-0.4% of PBMC were expressing HTLV-]
mRNA in HAM/TSP patients) (Yamano et al., 2002). This is consistent with
a previous study that detected HTLY-] Tax protein in PBMC and CSF cells
of HAM/TSP patients by use of laser scanning cytometry (0.02-0.54% of
PBMC and 0.04-1.16% of CSF cells were positive for the HTLY-] Tax pro-
tein) (Moritoyo et al,, 1999). HTLV-I Tax protein expression in CSF cells
was higher than that in PBMC and was more frequent in HAM/TSP
patients with a shorter duration of illness. This low number of HTLV-]
mRNA and Tax protein-expressing PBMC compared with the high HTLV-
I proviral DNA load suggests that the majority of HTLV-I-infected cells are
latent in peripheral blood, although this amount may be sufficient to con-
tinuously activate the immune system in vivo,

Animal models for HAM/TSP

The development of an animal model for HTLV-] infection would be
extremely useful for investigating mechanisms of immunopathogenesis in
HTLV-I-associated diseases. To date, several animal models, including
HTLV-1 infectious models and experimental transgenic models of HTLV-]
genes, have been generated.

It has been known that HTLV-1 can be successfully transmitted to rats and
10 rabbits by inoculation of HTLV-I-infected cells. Recently, the development
of a chronic myelopathy similar to HAM/TSP has been reported in one
specific strain of rats inoculated with an HTLV-1-infected cell line (Ishiguro et
al,, 1992). This HTLV-1-infected rat model develops paraparesis of the hind
limbs after an incubation period of 15 months. In the spinal cord of infected
rats, the expression of HTLV-1 tax mRNA was observed (Tomaru et al,, 1996),
and moreover, it was dernonstrated that some resident glial cells were express-
ing Tax protein in the CNS (Jiang et al, 2000). An increased level of neuro-
toxic cytokines such as TNF-0 was also detected in the CSF of infected rats
(Tomaru et al,, 1996). Interestingly, the pathologic analysis shows demyelina-
tion centered in the thoracic cord with massive infiltration of activated
macrophages/microglias and apoptosis of resident glial cells such as oligoden-
drocytes, while lymphocytic infiltration was not observed (Ohya et al,, 1997).
Although the mechanism of demnyelination in HTLV-I-infected rats is still
unclear, it has been suggested that the increased sensitivity to inflammatory
cytokines such as TNF-a. in glial cells, which may be derived from infection
with HTLV-1, was related to the development of myelopathy in this rat mode)
(Jiang et al., 2000). In addition, a rabbit model has also been used to examine
HTLV-1 infection, replication, cellular transformation, transmission, induced
immune responses, disease manifestations, vaccine candidates, and therapeu-
tic approaches (Ratner, 1996).

Recently, a number of transgenic models containing portions of the
HTLV-I genome have been generated; however, these animals did not
develop a neurologic disease like HAM/TSP but thy did manifest a number
of symptoms. For example, mice carrying the HTLV-1 genome or HTLV-]
Tax developed chronic arthritis resembling rheumatoid arthritis (Iwakura
et al,, 1991). LTR-env-pX transgenic rats have been shown to develop a wide

spectrum of collagen vascular and autoimmune diseases (Yamazaki et al,
1997).

Model of immunopathogenesis in HAM/TSP

The results discussed above demonstrate that virus-host immunoclogical
interactions play a pivotal role in HAM/TSP. Based on extensive experimen-
tation, a number of possible models for the pathogenesis of this disorder
have been proposed. Three major imimunopathogenic models have been
considered:

1. Cytotoxic model: inflammatory HTLV-I-infected T cells in the CNS or
CNS resident glial cells may be presenting FTLV-1 antigens and become
direct targets for lysis by HTLV-1-specific CTL (Jacobson et al., 1990b).

2. Autoaggressive bystander model: HTLV-1 virus-specific cellular infil-
trates that have migrated into the CNS that recognize HTLV-I-infected

cells may result in the release of cytokines and chemokines which may
cause damage to nearby cells such as glial and neural cells (jichi et al,,
1993).

3. Autoimmune model: activated HTLV-I-specific T cells cross-react with
self antigens in the CNS (Hollsberg and Hafler, 1993) and/or virus
specific immune responses lead to epitope spreading and recognition
of multiple CNS antigens (Hafler, 1999).

Although it has not been proven which, if any, of these mechanisms pre-
dominate in HAM/TSP, or if one.or more of these mechanisms act in con-
cert, the Jarge body of evidence summarized in this chapter suggests that
HTLV-1-specific CD8+ T cells contribute to the inflammatory process in
CNS lesions of HAM/TSP regardless of which mechanism is involved.
HTLV-I-specific CD8+ T cells may kill HTLV-1 antigen(s)-expressing target
cells directly by a perforin-dependent mechanism (Hanon et al, 2000) as
well as by the production of a large amount of matrix metalloproteinases
(MMP-9), chemoattractants (MIP-1a and -1B) and pro-inflammatory
cytokines (TNF-c. and IFN-v) which can induce HLA expression in neur-
onal cells and damage CNS tissue (Biddison ez al,, 1997; Greten et al,, 1998;
Kubota et al, 1998). High levels of HTLV-I proviral loads were observed in
both CD4+ and CD8+ T-cell populations in HAM/TSP patients, and it is
possible to propose that these high viral loads can drive increased levels of
HTLV-1 mRNA and HTLV-1 protein expressions. As shown in Fig. 23.3,
processing and presentation of HTLV-I-specific peptides leads to activation
and expansion of antigen-specific T-cell responses. The hypothesis that
HTLV-1-specific CD8+ T cells play a role in the development of HAM/TSP
is supported by localization of these T cells in the CNS. Inflammatory
CD8+ cells have been found in the spinal'cord lesions of HAM/TSP patients
(Jacobson et al, 1992) and tend to increase with disease progression.
Activated T cells have been reported in the CSF of HAM/TSP patients, usu-
ally of the CD8+, CD11a+, CD45RO+, CD28~ phenotype (Elovaara et al.,
1995).

The precursor frequency of HTLV-I-specific CTL from CSF lympHocytes
is extraordinarily high (Elovaara et al., 1993), HTLV-I-specific CD8+ T cells
could recognize HTLV-1 antigen-expressing target cells in the CNS and
induce large amounts of pro-inflammatory cytokines and chemokines that
can induce HLA expression in resident cells in the CNS and damage CNS
tissue (Lehky et al, 1994). As the HTLV-1 proviral load in CSF of HAM/TSP
patients was more than two times higher than in PBMC (Nagai et al.,
2001c), this suggests that HTLV-I-infected lymphocytes may preferentially
migrate into the CSF from peripheral blood, or that HTLV-I-infected lym-
phocytes may selectively expand in this compartment. Indeed, the exagger-
ated transmigrating activity of HTLV-I-infected cells to the CNS tissue has
been reported (Cavrois er al,, 2000; Romero et al,, 2000; Matsuoka et al.,
2000; Hanon et al., 2001), and expansion of HTLV-I-infected T-cell clones
has also been observed (Furukawa et al,, 1992; Wattel et al., 1995; Cavrois
et al, 1998; Eiraku et al,, 1998). In addition, HTLV-1 genomic sequences,
RNA, and the HTLV-1 proteins have been shown to localize in the spinal
cord lesions. Therefore, all requirements for CTL recognition including
viral antigen and HLA Class I expression are present in the HAM/TSP
lesions, lending support to the argument that HTLV-I-specific CD8+ CTL
may be immunopathogenic in this disease.

A model for HTLV-1 immunopathogenesis is represented in Fig. 23.4
that encompasses many aspects of HTLV-I T-cell tropism and host immune
responses to the virus, In the HAM/TSP lesions, HTLV-1-infected CD4+
and CD8+ T cells can cross the blood-brain barrier. In addition, activated
CD8&+ antigen-specific cells may also migrate into the CNS. These cells may
recognize productively infected cells and respond by either direct lysis of
the infected cells (which may also be HTLV-I-infected resident CNS cells
such as glial cells) or through the release of chemokines and cytokines.
These molecules can act to recruit and expand additional inflammatory
cells and have been shown to be toxic to resident CNS cells. Intensive stud-
ies regarding the interaction between HTLV-I-specific CD8+ T cells and
HTLV-l-infected cells will clarify the pathogenesis of HAM/TSP. This
understanding will allow for directed immunotherapeutic strategies for the
treatment of this disease.
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Treatment

Based on a number of investigative studies on the immunopathogenesis of
HAM/TSP, it has been suggested that reduction of the virus and control of
excessive immune responses to the virus are important for therapeutic
approaches. Although an ideal therapeutic strategy for HAM/TSP patients
has still not been established, there are several reports regarding treatment
focusing on both antiviral and immunomodulatory action.

For the reduction of virus in the patients with HAM/TSP, anti-IL-2R
therapy has been undertaken to reduce IL-2R-expressing HTLV-I-infected
cells, and the reduction of HTLV-I proviral load in PBMC has been demon-
strated without exacerbation of disease (Lehky et al,, 1998). Treatment with
antiretroviral reagents (reverse transcriptase inhibitors) such as zidovudine
and lamivudine is also under investigation, and regimens including these
antiretroviral reagents have been reported to decrease HTLV-I proviral load
in HTLV-I-infected subjects (Sheremata et al,, 1993; Taylor et al,, 1999). A
preliminary trial with lamivudine has shown a decrease in both HTLV-I
proviral load and HTLV-I-specific CTL responses in some HAM/TSP
patients (Wodarz et al., 1999); however, an improvement in neurological
symptoms was not observed. Further clinical trials are necessary to develop
treatments for HAM/TSP. Since clonal expansion of HTLV-I-infected cells
seems to be a major pathway for virus pro'pagation rather than viral replica-
tion through reverse transcriptase enzymes (Wattel et al,, 1996), it is sug-
gested that therapeutic approaches to ‘prevent clonal expansion of infected
cells may be effective in reducing virus load.

Besides antiviral therapies, immunomodulatory therapies such as pred-
nisolone, JFN-o methylprednisolone, and azathioprine, have been reported
as possible treatments for HAM/TSP (Izumo et al, 1996; Nakagawa et al.,
1996). Since activated immune responses to the virus are significantly
observed in spinal cord lesions of HAM/TSP patients it has been suggested
that immunomodulatory therapies to control harmful immune reaction
against the virus may be effective for treatment. Among these therapies, it
has been demonstrated that predonisolone and IFN-& may be effective in
improving the clinical symptoms of HAM/TSP. For example, oral pred-
nisolone has been reported to show a beneficial effect in 69.5% of patients
with HAM/TSP, especially in patients with a short duration of iliness in
which active inflammation presumably occurs in the CNS (Nakagawa et al,

Responding and Proliferating cells

Immune response to HTLV-!
_antigen' expressing cells

Cytokines and Chemokines

Fig. 23.4 Immunopathogenic model of
HAM/TSP. Activated T cells, which may
consist of HTLV-l-infected CD4+, CD8+,
or antigen-specific T cells, migrate across
the blood-brain barrier from the
peripheral blood to the CINS. As a portion
of the HTLV-kinfected cells such as
infected inflammatory cells and possible
resident CNS cells express HTLV-I
antigens, T-cell immune responses
recognize and attack these HTLV-I
antigen-expressing cells. Recognition

by HTLV-l-specific CD8+ cytotoxic T
lymphocytes can result in lysis of infected
target cells and/or the release of a cascade
of inflammatory cytokines and chemokines
in the CNS. HTLV-l-infected CD4+ and
CD8+ T cells may also produce these
immunomodulatory molecules. Cytokines
such as IL-2 and IL-15 may help bystander
T cells 1o expand, whereas IFN-y and
TNF-a may damage resident CNS cells
such as glia and neurons.
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1996). The treatment with 1IFN-a shows effective improvement in 61.5% of
patients (lzumo et al,, 1996). Azathioprine (22.2%), methylprednisolone
(30%), and plasmapheresis and lymphocytopheresis (43.89%) also showed
partial effectiveness for patients with HAM/TSP (Nakagawa et al., 1996).

Conclusion

The latge body of evidence summarized in this chapter suggests that HTLY-I-
specific immune responses contribute to the inflammatory process in CNS
lesions of HAM/TSP. Immunological abnormalities induced by a high HTLV-
1 proviral load may be involved in the neuropathologic events of this disease.
In this chapter, we have emphasized the role of HTLV-I-specific CD8+ cells in
the development of HAM/TSP, but many questions remain. Intensive studies
regarding the interaction between HTLV-I-specific T cells and HTLV-I-infect-
ed cells will clarify the pathogenesis of HAM/TSE. This understanding will
allow for directed immunotherapeutic strategies for the treatment of this
chronic progressive neurologic disease similar to treatments currently being
evaluated in multiple sclerosis (Bielekova and Martin, 1999). These experi-
mental therapeutic strategies include inhibition of T-cell activation, altered
peptide ligand therapies, and transmigration through the blood—brain barrier.
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