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Mediators of central nervous system damage during
the progression of human T-cell leukemia type
I–associated myelopathy/tropical spastic paraparesis
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Human T-cell leukemia virus type I (HTLV-I)-associated myelopathy/tropical
spastic paraparesis (HAM/TSP) represents one of the most devastating diseases
associated with HTLV-I infection. Despite the delineation of clinical features
associated with this neurologic disease, more progress needs to be made with
respect to understanding the molecular mechanisms relating to the genesis of
HAM/TSP. Several factors have been hypothesized to contribute to whether
an HTLV-I–infected individual remains asymptomatic, develops adult T-cell
leukemia (ATL), or progresses to HAM/TSP. Among the most intriguing of these
factors is the immune response mounted by the host against HTLV-I. Several
cell populations are crucial with respect to generating an efficient immune re-
sponse against the virus. This includes CD4+ T cells, CD8+ T cells, dendritic
cells (DCs), monocytes/macrophages, and HTLV-I–infected cells that interact
with immune cells to stimulate their effector functions. Although all of these
cell types likely play important roles in the etiology of HAM/TSP, this review
focuses specifically on the potential function of the CD8+ T-cell population
during the progression of HTLV-I–induced neurologic disease. The immune re-
sponse in HAM/TSP patients may transition from a beneficial response aimed
at controlling the viral infection, to a detrimental response that ultimately par-
ticipates in mediating the pathology observed in HAM/TSP. In this respect, the
generation of a hyperactive CD8+ cytotoxic T lymphocyte (CTL) response pri-
marily targeting the HTLV-I Tax protein likely plays a key role in the genesis of
pathologic abnormalities associated with HAM/TSP. The efficiency and activity
of Tax-specific CD8+ CTLs may be regulated at a number of levels, and deregu-
lation of Tax-specific CTL activation may contribute to HAM/TSP. This review
focuses on potential mechanisms of central nervous system (CNS) damage as-
sociated with the genesis of HAM/TSP following HTLV-I infection, focusing on
the role of the Tax-specific CTL compartment. Journal of NeuroVirology (2003)
9, 522–529.
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HTLV-I infection

Retroviruses represent a group of RNA viruses that
are capable of causing numerous diseases. Among
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this group of viruses, the human T-cell leukemia
virus type I (HTLV-I) has been associated with a spec-
trum of pathologic abnormalities. HTLV-I is the etio-
logic agent of both adult T-cell leukemia (ATL) and
a progressive neurologic disease designated HTLV-
I–associated myelopathy/tropical spastic parapare-
sis (HAM/TSP). Cases of ATL or HAM/TSP only
occur in approximately 5% to 10% of infected indi-
viduals, whereas the remainder maintain an asymp-
tomatic state. A vast minority of HTLV-I–infected
individuals develop HAM/TSP, a chronic, progres-
sive demyelinating disease predominantly affecting
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the spinal cord and brain. Clinical features associ-
ated with HAM/TSP include weakness and stiffness
in the lower extremities, persistent lower back pain,
urinary incontinence, thoracic myelopathy, and spas-
tic paraparesis or paraplegia. Multiple white matter
lesions are apparent in the spinal cord and brain,
involving perivascular demyelination and axonal de-
generation. Despite the delineation of clinical charac-
teristics associated with HTLV-I–induced neurologic
disease, the molecular mechanisms involved in the
genesis of HAM/TSP following HTLV-I infection re-
main to be more clearly defined. Several host and
viral factors have been proposed to play a role in de-
termining whether an infected individual progresses
to overt neurologic disease. One of the most intrigu-
ing factors contributing to disease pathogenesis asso-
ciated with HTLV-I infection is the immune response
mounted by the host against the virus. The immune
response to HTLV-I initially serves to control the in-
fection. However, there may be a transition from an
immune response that serves a beneficial function, to
one whose activity ultimately becomes detrimental.

CD4+ T cells represent the primary target for
HTLV-I infection in vivo (Richardson et al, 1990).
However, it is becoming increasingly clear that other
cellular compartments, including CD8+ T cells, may
become infected with HTLV-I and serve as virus reser-
voirs (Nagai et al, 2001). Recent studies indicate
that in HAM/TSP patients, but not ATL patients or
asymptomatic carriers, there is a latent infection of
the bone marrow (BM) in which resident BM cells
harbor proviral DNA, but express little or no viral
RNA or protein (Levin et al, 1997a). Furthermore,
CD34+ progenitor cells infected with HTLV-I in vitro
have been shown to maintain the proviral genome
throughout the process of differentiation (Feuer et al,
1996). As previously reviewed (Grant et al, 2002),
egress of HTLV-I–infected BM progenitor cells could
carry HTLV-I infection into the periphery, and per-
haps into the central nervous system (CNS). Although
HTLV-I infection appears to be silent in resident BM
cells, differentiation of progenitor cells is likely ac-
companied by alterations in the transcription factor
milieu within the differentiating cells. Changes in the
abundance or activation of transcription factors could
result in viral gene expression within cells derived
from HTLV-I–infected BM progenitor cells. This is an
interesting area of investigation and additional stud-
ies are clearly warranted.

Studies have demonstrated that during the course
of natural HTLV-I infection, a significant proportion
of CD8+ T cells carry proviral DNA capable of direct-
ing the synthesis of viral proteins (Hanon et al, 2000b;
Nagai et al, 2001). Relevant to HTLV-I–induced neu-
rologic dysfunction and CNS destruction, HTLV-I
has been shown to infect astrocytes, microglia, and
monocytes/macrophages (Hoffman et al, 1992; Kasai
et al, 1999; Watabe et al, 1989; Yamada et al, 1991).
Any or all of these cell types may be capable of pro-
ductive virus replication under selected physiologic

conditions, and each cell type may play a role in me-
diating the pathology observed in cases of HAM/TSP,
either directly or indirectly. However, in order for
HTLV-I–infected cells to be involved in neuropathol-
ogy, they must first enter the CNS by traversing
the blood-brain barrier (BBB). Additionally, CNS-
resident cells are capable of being infected by HTLV-I.
It remains possible, although not proven, that CNS-
resident cells may potentially be infected as progen-
itor cells in the BM. However, it is also possible that
these cells become infected in the CNS through direct
contact with HTLV-I–infected T cells. Because viral
infection is thought to require cell-cell contact, pre-
sumably HTLV-I–infected T lymphocytes must enter
the CNS and come into contact with CNS-resident
cells, thereby leading to infection of selected CNS cell
populations.

Crossing the blood-brain barrier

HTLV-I–infected cells have been found to be present
in both the peripheral blood and cerebrospinal fluid
(CSF) of patients with HAM/TSP. Infiltrating CD4+
and CD8+ T lymphocytes and activated macrophages
have been identified in the CSF and in white
matter lesions of HAM/TSP patients, suggesting a
pathogenic role for these cells in the development
of neurologic disease resulting from HTLV-I infec-
tion. HTLV-I–infected CD4+ and CD8+ T lympho-
cytes must traverse the BBB and enter the CNS
to mediate HTLV-I–specific immune responses and
cause CNS damage resulting from such a response.
Analysis of HTLV-I–infected CD4+ T cells present in
HAM/TSP patients demonstrated an oligoclonal pro-
liferation of HTLV-I–infected CD4+ T cells in both
the blood and CSF. Furthermore, clonal populations
of HTLV-I–infected CD4+ T cells with HTLV-I provi-
ral DNA sharing the same flanking cellular sequences
(and therefore derived from a single HTLV-I–infected
progenitor) were found in both the CSF and pe-
ripheral blood (Cavrois et al, 2000). These results
strongly suggest that entry of HTLV-I into the CNS
is primarily mediated by invasion of clonal popula-
tions of HTLV-I–infected CD4+ T cells across the BBB
in vivo, although the possibility of viral invasion by
other means, including infection of choroids plexus
cells, as recently proposed (Coscoy et al, 1997), can-
not be eliminated. Although immune cell popula-
tions, including CD4+ T cells, dendritic cells (DCs),
and monocytes/macrophages certainly contribute to
the etiology of HAM/TSP, CD8+ T lymphocytes also
likely play an important role in neurodegeneration
resulting from HTLV-I infection. This is reflected by
the fact that there is an accumulation of HTLV-I–
specific CD8+ T cells in the CSF as compared to the
peripheral blood (Greten et al, 1998). Immunocyto-
chemical analyses of spinal cords from HAM/TSP pa-
tients have demonstrated that many activated CD8+
cytotoxic T lymphocytes (CTLs) are present in active
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Figure 1 Modeling mechanisms of CNS damage. HTLV-I–infected CD4+ and CD8+ T lymphocytes likely synthesize cytokines that
facilitate BBB breakdown, as well as cell adhesion molecules to facilitate passage through the BBB and entry into the CNS. Breakdown
of the BBB likely enhances the passage of HTLV-I–negative lymphocytes as well. Infected lymphocytes may come into contact with
CNS-resident cells, resulting in infection of cells critical to brain function. Tax-specific CD8+ CTLs may directly target CNS-resident
HTLV-I–infected cells for lysis. Alternatively, immune cells recruited to the CNS through the expression of cytokines such as IL-16 and
MIP-1α may synthesize a number of inflammatory cytokines that are toxic to CNS-resident cells, resulting in the death of HTLV-I–negative
cells. Finally, an immune response generated against Tax may be cross-reactive to cellular proteins, thereby targeting HTLV-I–negative
cells for cell death by molecular mimickry.

inflammatory lesions of HAM/TSP patients (Levin
et al, 1997b).

Dissemination of HTLV-I to the CSF is a hall-
mark of HAM/TSP. This is reflected by the large pro-
portion of CD4+ and CD8+ T cells and activated
macrophages in the CSF and spinal cord lesions
of HAM/TSP patients. Despite this fact, the mech-
anism by which HTLV-I crosses the BBB to enter the
CNS remains to be more clearly defined. However,
HTLV-I infection is known to increase the expres-
sion of several molecules capable of decreasing the
integrity of the BBB, thereby leading to an increased
penetration of infected cells into the CNS. This in-
cludes several cell adhesion molecules as well as a
number of inflammatory cytokines (Umehara et al,
1996; Watanabe et al, 1995). Furthermore, HTLV-I–
transformed CD4+ T cells have recently been demon-
strated to establish functional gap junctions with
endothelial cells through the production of vascu-
lar endothelial growth factor (VEGF) (El-Sabban et al,
2002). Preferential recruitment of immune cells to the
CNS of HTLV-I–infected individuals indicates the po-
tential pathologic role of the host immune response
in the genesis of HAM/TSP.

Damage mediated by infiltrating immune cells

Several mechanisms of CNS damage can be hy-
pothesized based on experimental observations that

HTLV-I–infected lymphocytes infiltrate the CNS, and
CNS-resident cells are susceptible to viral infec-
tion. Damage to CNS tissue likely involves the com-
bined activity of several immune cell populations,
including CD4+ T cells, CD8+ T cells, DCs, and
monocytes/macrophages. Focusing specifically on
the CD8+ T-cell compartment, possible mechanisms
involved in CNS damage during the progression
of HAM/TSP include (1) direct killing of HTLV-I–
infected resident CNS cell populations by infiltrat-
ing Tax-specific CD8+ CTLs; (2) bystander damage
through the synthesis and secretion of toxic in-
flammatory cytokines; and (3) autoimmunity due to
molecular mimickry (Figure 1).

Direct killing of HTLV-I–infected CNS-resident cells
by Tax-specific CTLs
HAM/TSP is characterized by highly active and effi-
cient cell-mediated and humoral immune responses,
largely targeting the Tax protein (Jacobson et al, 1990;
Kira et al, 1992). Although other HTLV-I proteins may
be targets of virus-specific CTLs, the magnitude of
CTL activity against Tax is much higher than that
against other viral antigens. Immunohistochemical
staining has demonstrated the presence of infiltrating
CD8+ T cells in spinal cord lesions of HAM/TSP pa-
tients (Levin et al, 1997b). Although it is likely that
Tax-specific CD8+ CTLs function to control HTLV-I
infection through lysis of infected cells, it remains
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possible that these CTLs are also involved in tis-
sue damage observed in HAM/TSP patients. Inflam-
matory T cells in affected spinal cord areas have a
predominantly CD8+ T-cell phenotype and this cell
population has been shown to increase in number
as the disease progresses (Kubota et al, 1994). The
CD8+ response likely occurs in response to viral
replication within HTLV-I–infected CD4+ T cells in
spinal cord lesions. Furthermore, a high frequency of
virus-specific CD8+ CTLs restricted to immunodom-
inant epitopes of the Tax protein have been demon-
strated to be present in the CSF of HAM/TSP patients
(Jacobson et al, 1992). The CTL response is persis-
tently activated and directed against Tax (Parker et al,
1992), suggesting that viral replication occurs within
HTLV-I–infected cells with continuous expression of
HTLV-I genes, particularly Tax. Although the pri-
mary cell type carrying HTLV-I provirus within the
CNS is likely the CD4+ T lymphocyte, HTLV-I is ca-
pable of infecting astrocytes, microglia, and mono-
cytes/macrophages (Hoffman et al, 1992; Kasai et al,
1999; Watabe et al, 1989; Yamada et al, 1991). Al-
though it remains possible that resident CNS cells
could be infected by cell-cell contact with infiltrating
HTLV-I–infected CD4+ T cells, it is also possible that
these cells are infected as progenitor cells long before
they localize to the CNS. As previously described,
HTLV-I has been shown to establish a latent infection
in the BM of HAM/TSP patients (Levin et al, 1997a),
in which proviral DNA is maintained in the absence
of viral gene expression. This result has suggested
the possibility that CD34+ progenitor cells may be-
come infected with the virus. Egress of these cells
from the BM and their concomitant differentiation
may result in the presence of a population of HTLV-
I–infected cells comprised of CD4+ T cells, CD8+
T cells, DCs, and cells of the monocyte/macrophage
lineage. Expression of viral proteins in conjunction
with the expression of HLA molecules in HTLV-
I–infected CNS-resident cells could lead to a po-
tent cell-mediated immune response. Synthesis of
Tax within infected CNS-resident cells likely results
in the targeted killing of these cells by infiltrating
Tax-specific CD8+ CTLs, which target cells display-
ing immunodominant epitopes of Tax in the context
of major histocompatability complex (MHC) class I
molecules on the surface of infected cells. HTLV-
I–specific CTLs are known to kill cells expressing
HTLV-I antigens directly by a perforin-dependent
mechanism (Hanon et al, 2000a), as well as indirectly
through the production of large amounts of inflamma-
tory molecules involved in tissue destruction.

Bystander damage
Dysregulation of cytokine production through un-
controlled expression may result in a variety of
autoimmune disorders. HTLV-I–positive infiltrating
lymphocytes may mediate damage in the CNS
through the production of neurotoxic mediators, in-
cluding inflammatory cytokines. Tax-specific CD8+

CTL clones have been demonstrated to secrete a va-
riety of proinflammatory factors. Among these are
interferon (IFN)-γ , tumor necrosis factor (TNF)-α,
monocyte inflammatory protein (MIP)-1α, MIP-1β,
interleukin (IL)-16, and matrix metalloproteinase
(MMP)-9 (Biddison et al, 1997). TNF-α can cause
cytotoxic damage to endothelial cells, thus decreas-
ing the integrity of the BBB. This cytokine can
also directly injure oligodendrocytes (Selmaj et al,
1991). MIP-1α is a chemoattractant and pro-adhesive
molecule with respect to CD8+ T cells, and therefore
may play a role in attracting more immune cells to
sites of inflammation. IL-16 is a chemoattractant for
CD4+ T cells, which secrete IL-2, a growth factor re-
quired for the proliferation of CD8+ T cells. Produc-
tion of IL-16 may actually play a pathogenic role by
inducing the recruitment of HTLV-I–infected CD4+
T cells into the CNS (Biddison et al, 1997). Synthe-
sis of proinflammatory cytokines, chemokines, and
other inflammatory mediators clearly contributes to
the pathogenesis of HAM/TSP through breakdown of
the BBB and migration of both HTLV-I–infected cells
and uninfected immune cells into the CNS. How-
ever, viral proteins synthesized by infected cells may
also contribute to the cellular destruction charac-
teristic of the disease. The viral Tax protein is im-
plicated in this process. In addition to being the
immunodominant protein of the virus, Tax is a potent
transcriptional activator capable of trans-activating
both viral and cellular genes. Relevant to CNS dis-
ease, Tax is known to trans-activate many host genes.
This includes genes encoding cytokines and MMPs
in lymphocytes and astrocytes, which have been
hypothesized to directly damage myelin and axons
(Cabre et al, 2000). Prolonged synthesis of the viral
Tax protein in brain astrocytes has also been demon-
strated to be associated with the synthesis and se-
cretion of inflammatory mediators. Recent studies
by Alefantis et al have suggested that elevated lev-
els of cytoplasmic Tax may be associated with secre-
tion of Tax from infected astrocytes (Alefantis et al,
in press, 2003). Specifically, prolonged expression
of Tax in HTLV-I–infected astrocytes is associated
with the secretion of IL-1α, IL-6, TNF-α, and MMPs
(Szymocha et al, 2000a, 2000b). Local production of
these factors by lymphocytes and astrocytes, as well
as production of IFN-γ by infiltrating CD8+ T cells,
likely leads to an environment that facilitates neu-
ronal damage and death. Studies have demonstrated
that HTLV-I–infected cell lines abnormally express
several cytokines, including lymphotoxin, IL-2, IL-6,
TNF-α, granulocyte-macrophage colony-stimulating
factor (GM-CSF), and IFN-γ . Examination of cytokine
expression in HAM/TSP patients has revealed that
these patients express elevated levels of TNF-α and
IL-1β (Tendler et al, 1991). Uncontrolled production
of a toxic combination of inflammatory factors may
cause the death of uninfected cells, thereby contribut-
ing to the death of resident CNS cell populations ob-
served in HAM/TSP.
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Molecular mimickry
Molecular mimickry refers to the generation of an im-
mune response to an environmental agent that cross-
reacts with a host antigen, resulting in autoimmune
damage. HAM/TSP is characterized by a hyperstim-
ulated immune response, including a CD8+ CTL re-
sponse specific for the N-terminus of Tax and an
antibody response specific for the C-terminus of Tax.
Studies have indicated that HAM/TSP patients also
develop antibodies to neurons (Levin et al, 1998).
These antibodies were subsequently found to react
with heterogeneous ribonuclear protein-A1 (hnRNP-
A1), a CNS autoantigen. Interestingly, these anti-
bodies also cross-reacted with HTLV-I Tax, and the
distribution of hnRNP-A1 in the CNS corresponded
to structures affected in HAM/TSP (Levin et al, 2002).
Additional studies in a rabbit model of HTLV-I infec-
tion indicate that the sera of HTLV-I–infected rabbits
contains antibodies against the cellular proteins ker-
atin and thyroglobulin. These antibodies were absent
in uninfected rabbits, or those infected with HTLV-I–
negative lymphocytes. Additionally, no anti-keratin
or anti-thyroglobulin was found in the sera of in-
fected rabbits (Mahana et al, 2000). These results
suggest that HTLV-I infection may stimulate the pro-
duction of antibodies that cross-react with cellular
proteins. The production of antiviral antibodies that
cross-react with cellular proteins sets the stage for
an autoimmune response in which HTLV-I–negative
cells in the CNS could be targeted for destruction.

Deregulation of the CD8+ T-cell response

There are clearly several mechanisms by which
the immune response mounted by the host against
HTLV-I may have a detrimental impact in terms of the
progression of neurologic disease. Although the in-
duction of an efficient immune response is necessary
to control HTLV-I infection, an overstimulated im-
mune response may become autoimmune in nature
and destroy the population it was meant to protect.
Delineating the mechanisms involved in harnessing
the immune response to HTLV-I will likely prove
to be valuable in terms of defining options for the
prevention or treatment of HAM/TSP. To this end,
understanding the mechanisms underlying the in-
duction of the potent HTLV-I–specific CD8+ T-cell re-
sponse in HAM/TSP patients will provide important
clues concerning methods to control this ultimately
destructive immune response.

HTLV-I infection elicits a vigorous cell-mediated
immune response directed towards viral antigens,
particularly the Tax protein (Jacobson et al, 1990).
CTL responses are present within ATL patients,
HAM/TSP patients, and asymptomatic carriers. How-
ever, there are quantitative differences between the
magnitude of the CTL response relative to the disease
state of the patient. Whereas ATL is characterized by
a poor CTL response to Tax, HAM/TSP is associated

with the presence of a large number of Tax-specific
CTLs (Yamano et al, 2002). Although high levels of
circulating Tax-specific CTLs observed in HAM/TSP
patients likely reflect the high proviral load typically
observed in these patients, it is possible that these
CTLs are deregulated in function. This is indicated
by the fact that despite the presence of a large number
of Tax-specific CTLs that would presumably serve to
clear HTLV-I–infected cells, the proviral DNA load re-
mains elevated in HAM/TSP patients throughout the
course of disease. The inability of Tax-specific CTLs
to clear the virus from the CNS indicates that perhaps
the function of the CTLs in the CNS has been altered
or become deregulated. The molecular mechanisms
responsible for the deregulated CTL responses in both
ATL and HAM/TSP are currently unknown but recent
studies have provided important clues.

Antigen-mediated priming or activation of naı̈ve
CD8+ T cells by professional antigen-presenting cells
(APCs) such as DCs, leads to differentiation into
CTLs (Guermonprez et al, 2002). CTL priming is
tightly regulated, and recognition of antigen is not
a sufficient signal for activation. CD8+ T cells gen-
erally require a second signal, or costimulatory sig-
nal, which can be provided by CD4+ T cells. Acti-
vated CD4+ T cells express costimulatory molecules,
most notably CD40L, that interact with and “license”
the APCs to efficiently activate a CD8+ T cell with
the same antigenic specificity (Bennett et al, 1998;
Ridge et al, 1998; Schoenberger et al, 1998). These
observations provide support for a “three cell model”
of CTL activation involving CD4+ T cells, DCs, and
CD8+ T cells (Figure 2). First, a DC encounters the
antigen in a tissue or the peripheral blood, and then
migrates to the draining lymph node where the anti-
gen is processed and presented on the cell surface by
MHC molecules. A CD4+ T cell recognizes the anti-
gen, becomes activated, and expresses a costimula-
tory molecule such as CD40L, which engages CD40
on the DC and induces functional maturation. The
mature DC up-regulates the expression of MHC and
costimulatory molecules and is then competent to ac-
tivate a CD8+ T cell with the same antigenic speci-
ficity as the initial CD4+ T cell.

HTLV-I infection can potentially deregulate CTL
priming by disrupting the interaction of each of the
requisite cells in the “three cell model.” Indeed,
HTLV-I infection is not limited to CD4+ T cells, but
also infects CD8+ T cells (Hanon et al, 2000b; Nagai
et al, 2001) and DCs in vitro (Ali et al, 1993). These
cell populations may also be infected as progenitor
cells in the BM. Migration of HTLV-I–infected pro-
genitor cells from the BM to the periphery and their
concurrent differentiation may result in the contin-
uous generation of a reservoir of HTLV-I–infected
immune cells. Based on the potential infection of
CD8+ T cells and DCs, there are several potential
mechanisms that the virus may employ to deregu-
late CTL priming. HTLV-I may potentially influence
CTL function by infection of HTLV-I–specific CD8+
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Figure 2 The three-cell model of CD8+ T-cell activation. An antigen-presenting cell requires a signal from CD4+ T cells prior to the
priming of CD8+ T cells. A CD4+ T cell first recognizes antigen presented by the APC (1), and is then activated and expresses CD40L,
which binds to CD40 expressed on the APC (2). The CD40 signal induces functional maturation of the APC, including increased expression
of costimulatory B7 molecules, which then facilitates efficient priming of the CD8+ T cell (3).

T cells (Hanon et al, 2000b). However, little is known
about the functional consequences of HTLV-I infec-
tion of CD8+ T cells. Functional abnormalities have
been described in DCs from both ATL and HAM/TSP
patients. DCs from ATL patients are relatively poor
stimulators of CTL priming (Makino et al, 2000),
whereas DCs from HAM/TSP patients are potent ac-
tivators of CTLs (Makino et al, 1999). Deregulation
of DC function may occur as a result of infection
of DCs by HTLV-I, or more likely is due to interac-
tion with HTLV-I–infected CD4+ T cells. We have
previously demonstrated that HTLV-I infection alters
gene expression profiles in CD4+ T cells, and the ex-
pression of costimulatory molecules such as CD40L
are deregulated (Harhaj et al, 1999). CD40L expres-
sion is down-regulated upon HTLV-I–mediated T cell
transformation, and HTLV-I–transformed cell lines
lack CD40L expression (Harhaj and Wigdahl, un-
published observations). Interestingly, CD4+ T cells
from ATL patients lack CD40L expression, but CD4+
T cells from HAM/TSP patients overexpress CD40L
(Makino et al, 2001). Lack of CD40L expression on
CD4+ T cells from ATL patients impairs CTL prim-
ing in response to HTLV-I antigens, but can be rescued
by soluble CD40L (Makino et al, 2001). However, it
is currently unknown if CD40L overexpression in
HAM/TSP patients contributes to the inflammatory
response observed in the CNS.

Functional interactions between CD4+ T cells,
CD8+ T cells, and DCs in the activation of Tax-specific
CTLs may potentially be altered due to infection of
any or all of these cell populations. Clearly, this is an
area that warrants further investigation. It would be of
interest to delineate the degree to which the increase
in Tax-specific CTLs (both in number and in function)
parallels an increase in proviral DNA load in the CNS.
A correlation has been made between HTLV-I mRNA,

proviral DNA load, virus-specific CD8+ T cells, and
disease severity in HAM/TSP (Selmaj et al, 1991). It
was also recently demonstrated that the frequency of
HTLV-I–specific CD8+ T cells in the peripheral blood
correlates with the proviral load, suggesting that Tax-
specific CD8+ T cells proliferate to control viral repli-
cation (Kubota et al, 2003). However, both of these
studies dealt with CTLs found in the peripheral blood
rather than the CNS. There may be functional dif-
ferences in T-cell responses between the two com-
partments. It is known that CD8+ T cells accumulate
in the CSF of HAM/TSP patients, but the degree to
which this reflects proviral DNA load has not been
conclusively determined. Further questions include
whether the CTLs found in the CNS differ function-
ally from those found in the peripheral blood. This is
only beginning to be examined (Kubota et al, 2002).
For example, CTLs found in the CNS may be more
or less efficient at killing HTLV-I–infected cells. Ad-
ditionally, it would be of interest to determine the
precise specificity of Tax-specific CTLs in the CNS.
As previously described, studies have indicated that
HTLV-I infection may stimulate the production of an-
tiviral antibodies that cross-react with cellular pro-
teins. It is possible, although not proven, that CTLs
within the CNS may have a degenerate specificity,
recognizing both viral and cellular antigens.

In conjunction with other cell populations of the
immune system, the Tax-specific CD8+ CTL response
clearly impacts disease progression resulting from
HTLV-I infection. Whether Tax-specific CD8+ CTLs
function to control HTLV-I infection and replication
in the CNS, or serve to mediate tissue damage, ne-
cessitates further investigation. It is most probable
that the initial antiviral function of Tax-specific CD8+
CTLs in the CNS serves to control viral replication
through the destruction of HTLV-I–infected CD4+
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T cells. Although evidence is largely circumstantial
at this point, there appears to be a transition from
normal immune surveillance to a hyperinflamma-
tory state in HAM/TSP patients. In this case, Tax-
specific CD8+ CTLs shift from having a beneficial
function to becoming detrimental, in the sense that
these CTLs may be involved in mediating tissue dam-
age observed in HAM/TSP. What are the factors that
contribute to crossing the threshold between the ben-
eficialand detrimental functions of Tax-specific CD8+
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