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The development of human T-lymphotropic virus type 1 (HTLV-1)-associated myelopathy/tropical spastic
paraparesis (HAM/TSP) is closely associated with the activation of T cells which are HTLV-1 specific but may
cross-react with neural antigens (Ags). Immature dendritic cells (DCs), differentiated from normal donor
monocytes by using recombinant granulocyte-macrophage colony-stimulating factor and recombinant inter-
leukin-4, were pulsed with HTLV-1 in vitro. The pulsed DCs contained HTLV-1 proviral DNA and expressed
HTLV-1 Gag Ag on their surface 6 days after infection. The DCs matured by lipopolysaccharides stimulated
autologous CD4™ T cells and CD8™ T cells in a viral dose-dependent manner. However, the proliferation level
of CD4™ T cells was five- to sixfold higher than that of CD8™ T cells. In contrast to virus-infected DCs, DCs
pulsed with heat-inactivated virions activated only CD4™ T cells. To clarify the role of DCs in HAM/TSP
development, monocytes from patients were cultured for 4 days in the presence of the cytokines. The expression
of CD86 Ag on DCs was higher and that of CD1a Ag was more down-regulated than in DCs generated from
normal monocytes. DCs from two of five patients expressed HTLV-1 Gag Ag. Furthermore, both CD4* and
CD8™ T cells from the patients were greatly stimulated by contact with autologous DCs pulsed with inactivated
viral Ag as well as HTLV-1-infected DCs. These results suggest that DCs are susceptible to HTLV-1 infection

and that their cognate interaction with T cells may contribute to the development of HAM/TSP.

Human T-lymphotropic virus type 1 (HTLV-1) is the caus-
ative agent of HTLV-1-associated myelopathy/tropical spastic
paraparesis (HAM/TSP) (16). HAM/TSP is thought to be an
autoimmune disease induced by activated autoreactive T cells
(8). T lymphocytes obtained from HAM/TSP patients produce
interleukin-2 (IL-2) in vivo and proliferate spontaneously in
vitro without any additional stimuli or cytokines (24). Although
HTLV-1 Tax protein induces IL-2 production and IL-2 recep-
tor expression on the surface of HTLV-1-infected T cells,
which may lead to the proliferation of the virus-infected T cells
by an autocrine mechanism, the major cellular components of
in vitro proliferating T cells seem to be T cells which are
uninfected and interacting with HTLV-1-infected antigen-pre-
senting cells (APCs). The most characteristic feature of pe-
ripheral blood mononuclear cells (PBMCs) of HAM/TSP pa-
tients is the spontaneous proliferation of T lymphocytes (SPL)
that are largely suppressed by the addition of monoclonal
antibodies (MADbs) to major histocompatibility complex (MHC)
class II, CD86, and CD58 antigens (Ags) (14a), and the SPL
levels reflect disease activity of HAM/TSP. Previously we re-
ported that HTLV-1-immortalized CD4™" T cells directly stim-
ulate CD4" but not CD8" T cells (22). In the active stage of
HAM/TSP, both CD4" and CD8" T cells accumulate in le-
sions of the spinal cord; however, in the chronic state of the
disease, CD8" T cells are predominantly found there (23).

Dendritic cells (DCs) are the most potent APCs and so can
stimulate not only naive CD4™ T cells but also CD8" T cells.
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The DCs located in the blood and periphery are functionally
immature in that they are effective in the uptake and process-
ing of Ag but not in stimulating lymphocytes. After exposure to
inflammatory cytokines and bacterial products or interaction
with activated T cells through their surface CD40 molecules,
DCs undergo a process of maturation and become able to
present Ags for priming and stimulating T cells (15, 18).

In addition to HTLV-1-infected CD4™ T cells, some DCs
obtained from the peripheral blood of HAM/TSP patients
have been found to be infected with HTLV-1 (12). These
observations strongly suggest that HTLV-1-infected DCs play
a crucial role in the production of autoreactive T cells in
HAM/TSP patients. In this study, we found that DCs differ-
entiated from peripheral monocytes from healthy donors as
well as HAM/TSP patients by using recombinant granulocyte-
macrophage colony-stimulating factor (rGM-CSF) and rIL-4
were infected with HTLV-1 in vitro and subsequently matured
stimulated autologous CD4" and CD8™" T cells without form-
ing a syncytium.

MATERIALS AND METHODS

Study subjects and cell preparation. PBMCs were donated under informed
consent by five patients diagnosed with HAM/TSP at the Kagoshima University
Hospital and by six uninfected healthy donors. The PBMCs were isolated from
heparinized blood by using Ficoll-Paque (Pharmacia, Uppsala, Sweden) and
cryopreserved in liquid nitrogen as described by Katahira et al. (10). The DCs
were prepared from peripheral monocytes as described previously (13). In brief,
10° freshly isolated or cryopreserved PBMCs per ml were plated in a six-well
flat-bottom tissue culture plate and cultured for 3 h. Non-plastic-adherent cells
were washed out by prewarmed medium, and the remaining adherent monocytes
were cultured with 1% autologous plasma for 5 days in the presence of 50 ng of
rGM-CSF (donated by Kirin Brewery Co., Tokyo, Japan) and of 10 ng of rIL-4
(Genzyme, Cambridge, Mass.) per ml. rGM-CSF and rIL-4 were supplied every
2 days. On day 5 of cell culture, immature DCs were pulsed with either live or
heat (56°C, 30 min)-inactivated HTLV-1 Ags. Maturation of DCs was performed
by addition of 10 ng of lipopolysaccharide (LPS) from Escherichia coli O111:B4
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FIG. 1. (a) Detection of HTLV-1 proviral DNA by nested PCR. Immature
DCs were exposed to live HTLV-1 virions for 6 days in vitro. A genomic DNA
was extracted from mock- or HTLV-1-infected DCs and amplified by PCR. Lane
1, mock-infected DCs; lanes 2 and 3, HTLV-1-infected DCs. (b) Expression of
HTLV-1 Ags on virus-infected DCs. Immature DCs were pulsed with live
HTLV-1 for 6 days and examined for HTLV-1 Gag and Env Ag expression by
FACScan. — ——, control MAb; , indicated MAb. The number in each
panel represents percent positive cells.

(Difco Laboratories, Detroit, Mich.) per ml for 24 h, and matured DCs were
assessed for APC functions after treatment with 50 pg of mitomycin C per ml.
‘When DCs were generated from monocytes from HAM/TSP patient PBMCs, the
PBMCs were depleted of CD2" T cells in advance by using immunomagnetic

Ag
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beads coated with anti-CD2 MAb (Dynabeads 450; Dynal, Oslo, Norway), and
subsequently plastic adherent monocytes were obtained. The concentration of
heterodimeric IL-12 (p70) in culture supernatant fluids of Ag-pulsed DCs was
measured by using an enzyme immunoassay kit (Immunotech, Westbrook,
Mass.).

Concentration of cell-free HTLV-1 virions and detection of HTLV-1 infection.
HTLV-1 infection usually occurs by cell-to-cell contact of target cells with virus-
infected cells. Since HTLV-1-infected CD4* T cells and HTLV-1-producing cell
line MT-2, a generous gift from I. Miyoshi, Kochi Medical School, have APC
function as described previously (22), the elimination of the virus-infected T cells
from the DC culture populations is required to assess the APC function of
virus-infected DCs. However, this is difficult because of the high resistance of
virus-infected T cells to mitomycin treatment. Therefore, we collected the cul-
ture supernatant of MT-2 cells, concentrated the HTLV-1 virions by using a
BMM hollow fiber (Asahi Chemical Industry Co., Ltd.) as reported earlier (14),
and used them as the source of virus. For detection of HTLV-1 proviral DNA,
DNA was prepared from CD4" T cells or DCs by using a DNA extractor kit
(Wako Pure Chemical Industries, Ltd., Osaka, Japan). The DNA was amplified
by PCR using a primer pair corresponding to nucleotides 1729 to 1750 and 1942
to 1964 of the HTLV-1 gag region. When no band was detectable in the PCR
products, nested PCR was conducted by using a primer pair corresponding to
nucleotides 1756 to 1777 and 1919 to 1940. The HTLV-1 proviral DNA was
detected as a 185-bp band. The 50% cell culture infective dose (CCIDs,) of
concentrated cell-free HTLV-1 was determined by using CD4" T cells in the
presence of 2 g of phytohemagglutinin (Difco) and 100 U of rIL-2 (TGP-3;
Takeda Chemical Industries, Osaka, Japan) per ml, and the DCs were infected
with 20 CCIDs, of HTLV-1. Infection of DC with HTLV-1 was determined by
PCR analysis and by cytometry analysis (FACScan; Becton Dickinson Immuno-
cytometry Systems, San Jose, Calif.) for surface expression of HTLV-1 Gag and
HTLV-1 Env proteins.

Analysis of cell surface Ag. The expression of cell surface Ag on the DCs was
determined by using a FACScan (Becton Dickinson). Live DCs (5 X 10°) were
gated and analyzed. To eliminate dead cells from analysis, propidium iodide
(Sigma Chemical Co., St. Louis, Mo.) was used. We used fluorescein isothiocya-
nate-conjugated MAb against HLA-DR (L243; Becton Dickinson) and HLA-
ABC (G46-2.6), CD40 (5C3; PharMingen, San Diego, Calif.), phycoerythrin-
labeled MAb to CD54 (HAS58), CD58 (L304.4); (Becton Dickinson), CD86
(IT2.2), CD11c (B-ly6); (PharMingen), and CD83 (HB15a; Immunotech), and
purified murine MAb to CDla (NA1/34; Serotec Ltd., Oxford, England),
HTLV-1 Gag (GIN14), and HTLV-1 Env (F10) (generously provided by Y.
Tanaka, Department of Hygiene, Kitazato University), followed by fluorescein
isothiocyanate-labeled goat F (ab’), anti-mouse immunoglobulins (Igs) (Tago-
immunologicals, Camarillo, Calif.). The optimal concentrations of MAbs were
determined in advance. DCs in an apoptotic process were determined by staining
with Annexin-V (Genzyme).

Proliferation assay. Autologous MLR was conducted by using DCs as the
stimulators and unseparated T cells and purified CD4" T cells or CD8" T cells
as the responder population. DCs unpulsed, pulsed with heat-inactivated
HTLV-1 Ags, or infected with HTLV-1 were treated with mitomycin C and
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FIG. 2. Expression of various molecules on DCs pulsed with HTLV-1. Immature DCs were differentiated from normal healthy donor monocytes, pulsed with 20

CCIDjs, of live HTLV-1 or equivalent dose of heat-inactivated virions, and matured by LPS (10 ng/ml). — — —, control MAb;

each panel represents the mean fluorescence intensity.

, indicated MAb. The number in



VoL. 73, 1999

a) b)

1447 o
mock DC =1
B HTLV-IDC peT=1:20
O mock DC =
128] @ HTLv.ipc PCT=140
—
&
o 112
2
E o
)
©
E4
S 804
Q
3
2
= 64
o
£
>
£ a8
T
2.
321
16
) e

3 4 5 6 7
(Days after cocultivation)

HTLV-1-INFECTED DENDRITIC CELLS AND MYELOPATHY/PARAPARESIS

-t nN
$ 8

[BH]Thymidine uptake (cpm, 10 3)
>

4577

XY : unseparated T cells
[J: cpat Tcells

i

HTLV-I (CCiDso)

(2]
1

o
L

FIG. 3. (a) Time-dependent T-cell proliferation stimulated by HTLV-1-infected DCs. Mature HTLV-1-infected DCs were generated by exposure of immature DCs
to 20 CCIDs,, of HTLV-1 and cocultured with unseparated T cells (103/well) at a DC:T-cell ratio of 1:20 or 1:40 in triplicate. Mock-infected DCs were used as a negative
control. (b) Ag dose-dependent proliferation of T cells. Immature DCs were pulsed with various doses of live HTLV-1, and unseparated or CD4* T cells (5 X 10%/well)
were cocultured with HTLV-1- or mock-infected DCs at a DC:T-cell ratio of 1:20 in triplicate.

plated to give a DC responder ratio of 1:20 or 1:40. Proliferation of stimulator
cells was confirmed to be completely blocked by mitomycin C. The responder T
cells were purified as follows. Freshly thawed PBMCs were depleted of MHC
class 1T cells by using magnetic beads coated with MAb to MHC class IT Ag
(Dynabeads 450; Dynal) and further treated with beads coated with either CD4
or CD8 MAD to select T cells negatively. The purity of CD4* T cells or CD8"
T cells was more than 98%, and contamination of the purified population by
HLA-DR-positive cells was less than 2%. The indicated number of responder
cells (10°/well unless otherwise specified) were plated in 96-well round-bottom
tissue culture plates. The cell proliferation during the last 16 h of the 5- to 6-day
culture in the presence of 10% heat-inactivated human serum (a generous gift of
Kagoshima Red Cross Blood Center) was quantified by incubating the cells with
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HLA-DRmAb

CDA40LmAb 0

CD80mADb

CD54mAb

CD58mAb

CD8émAb

[*H]thymidine at 1 p.Ci/well. The results are expressed as the mean difference in
counts per minute obtained from triplicate cultures.

To suppress the proliferation of T cells stimulated by autologous Ag-pulsed
DCs, we used the purified MAbs 1243 (anti-HLA-DR), IT2.1 (anti-CD86),
HAS8 (anti-CD54), TS2/9.1.4.3 (anti-CD58), and TRAP1 (anti-CD40L; Phar-
Mingen). The MAbs were purified from the culture supernatant or ascitic fluid
by using 40% saturated ammonium sulfate and caprylic acid (Sigma). The purity
of the MAD was checked by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, and only a single band was observed. The optimal concentration of
MAD for suppression was determined in advance. Percent suppression was cal-
culated as 100 X [1 — (mean Acpm of cultures with MAb/mean Acpm of cultures
without Ab)].
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FIG. 4. Inhibitory effect of various MAbs on DC-CD4 interaction. HTLV-1-infected mature DCs and CD4™" T cells (10°/well) were cocultured for 6 days in the
presence or absence of MAbs (10 wg/ml) at a DC:CD4* T-cell ratio of 1:20. The proliferation of T cells in the absence of test MAb was 96,514 = 1,783 cpm (mean *
standard deviation of triplicate assays). A mixture of normal mouse IgG subclasses (IgG1, Ig2a, Ig2b, and Ig3) was used as control antibody. A representative of three

independent experiments is shown.
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FIG. 5. Comparison of T-cell-stimulating activities of HTLV-1-infected DCs
and inactivated virion-pulsed DCs. (a) Immature DCs were either infected with
various doses of HTLV-1 or pulsed with an equivalent dose of heat-inactivated
virions, subsequently matured by LPS, and cocultured with autologous unsepa-
rated, CD4" and CD8™ T cells (10°/well) for 5 days at a DC:T-cell ratio of 1:20.
(b) LPS-matured DCs were exposed to live or inactivated virus for 4 days and
cocultured with various T cells (10°/well) for 5 days at a DC:T-cell ratio of 1:20.
A representative result of three independent experiments is shown. Each exper-
iment was performed in triplicate.
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RESULTS

In vitro infection of DCs with HTLV-1. We used a cell-free
viral source to eliminate the influence of HTLV-1-infected T
cells for assessment of the APC function of DCs. Immature
DCs were pulsed with 20 CCIDs, of HTLV-1. After 6 days of
culture in the presence of rGM-CSF and rIL-4, the DCs were
found to be infected with HTLV-1 (Fig. 1). HTLV-1-pulsed

J. VIROL.

DCs contained proviral DNA detectable as a faint signal am-
plified by PCR of both HTLV-1 gag and fax regions (not
shown) and as a strong gag band by nested PCR (Fig. 1a). The
DCs expressed HTLV-1 Gag Ag on their surface (Fig. 1b), but
expression of HTLV-1 Env Ag was low, probably because of
poor sensitivity of the MADb (Fig. 1b). In contrast, DCs pulsed
with heat-inactivated virus did not express HTLV-1 Gag Ag.
The immature DCs pulsed with live HTLV-1 and subsequently
stimulated with LPS were phenotypically compared with those
unpulsed or pulsed with heat-inactivated HTLV-1 Ags. How-
ever, there was no apparent difference among them in the
expression of HLA-DR, CD54, CDS83, CD86, and CD1a Ags
(Fig. 2) or CD58 Ag (not shown), suggesting that they were
similarly matured. Also, there was no obvious increase in the
number of Annexin-V-positive DCs or syncytium-forming cells
in the virus-infected populations (not shown). We measured
the concentration of IL-12 heterodimer (p70) in the superna-
tant of virus-infected LPS-matured DCs and found no signifi-
cant increase in their production of IL-12 (not shown).

Cellular interaction between HTLV-1-infected DCs and T
cells. The APC function of mature HTLV-1-infected DCs was
assessed by autologous MLR. The DCs infected with HTLV-1
in the immature state and subsequently matured with LPS for
24 h stimulated T cells in a time-dependent fashion at DC:T-
cell ratios of 1:20 and 1:40 (Fig. 3a). The virus-infected DCs
activated both unseparated and CD4" T cells in a manner
depending on the viral dose with which the immature DCs
were pulsed (Fig. 3b). However, the virus-infected DCs could
not transmit virus to CD4 " T cells or make them immortalize
(not shown). The molecules associated with the interaction of
viral Ag-bearing DCs and T cells were determined by using
MAbs to Ags (Fig. 4). When MAbs to HLA-DR, CD86, or
CD54 Ag were added to the culture at 10 pg/ml, the T-cell
proliferation induced by the DCs was suppressed by more than
60%. Around 40% of the T-cell proliferation was inhibited by
anti-CD58 MADb; however, little suppression of them was in-
duced by MAbs to CD40L and to HTLV-1 Gag and Env.
These findings suggest that the two cell components mainly
interact in a cognate fashion through the MHC and costimu-
latory and adhesion molecules.

Influence of viral infection on the APC function of DCs. It is
known that immature DCs take up exogenous Ags through the
mannose receptor on their surface, by macropinocytosis, and
by other mechanisms (20). We determined the functional in-
fluence of viral infection on DCs by comparing the APC func-
tion of DCs infected with live virus with the APC function of
those primed with heat-inactivated Ags (Fig. 5). Both DCs
stimulated unseparated and purified CD4™ T cells, although
the T-cell proliferation induced by DCs with heat-inactivated
virus was about 60% of that stimulated by virus-infected DCs
(Fig. 5a). However, there was a marked difference in the ability
to stimulate CD8" T cells between the two DCs: only virus-
infected DCs stimulated them in a viral dose-dependent man-
ner (Fig. 5a). Comparing the magnitude of proliferation of
CD4™" T cells and CD8" T cells induced by HTLV-1-infected
DCs, we found the former to be four- to fivefold higher than
latter. In the next experiment, mature DCs were prepared in
advance and subsequently pulsed with inactivated virions or
live virus. While infected DCs stimulated CD4™ T cells and
CD8" T cells equally, DCs pulsed with inactivated Ags no
longer stimulated CD8" T cells (Fig. 5b). Immature DCs
pulsed with either inactivated or live virus for 48 h but not
exposed to any maturation factor did not stimulate T cells as
did mature DCs (not shown).

Phenotypic and functional features of DCs from HAM/TSP
patients. To determine whether DCs play an important role in
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FIG. 6. Expression of various molecules on DCs generated from uninfected donors and HAM/TSP patients. DCs were generated by using rGM-CSF and rIL-4 from
peripheral monocytes for 4 days. Monocytes were purified from PBMCs depleted of CD2" T cells. The number in the panel for HTLV-1 gag staining of HAM/TSP
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T-cell proliferation in HAM/TSP patients, we cultured mono-
cytes from the patients after depletion of CD2" T cells for 4
days in the presence of rGM-CSF and rIL-4. Immature DCs
obtained from two of five HAM/TSP patients expressed
HTLV-1 Gag Ag on their surface without any exogenous in
vitro exposure to the virus (Fig. 6). Furthermore, all DCs from
HAM/TSP patients examined more strongly expressed CD86
Ag and were down-regulated in CDla expression compared
with those from uninfected donors (Fig. 6). DCs pulsed with
inactivated Ag or infected in vitro equally and greatly stimu-
lated autologous CD4" T cells and CD8" T cells (Fig. 7).
Although the proliferation of CD4" T cells was higher than
that of CD8" T cells, the level of both T cells in HAM/TSP
patients was obviously higher than that of T cells from unin-
fected donors. Furthermore, HAM/TSP patient DCs express-
ing HTLV-1 Gag Ag prior to in vitro viral exposure (Fig. 7,
case 2) induced higher T-cell proliferation than those lacking
expression of the Ag (normal and case 1).
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DISCUSSION

Human DCs are known to be susceptible to infection with
various viruses, including measles virus, human immunodefi-
ciency virus type 1 (HIV-1), and influenza virus (24, 6, 7). This
report presents the evidence that HTLV-1 is another virus able
to infect DCs in vitro. In one respect, measles virus and HIV-1
are similar in the ability to infect DCs (1): they induce apo-
ptosis and syncytium formation in DCs; once infected, DCs, in
turn, markedly reduce the proliferative response of T cells to
autologous as well as allogenic stimuli. DCs required only a
small amount of the virus to be infected, and the virus-infected
DCs may directly contribute to viral transmission to T cells,
resulting in the high level of death of CD4™ T cells. In contrast,
influenza virus very efficiently infects DCs in a nontoxic fashion
since the expression of viral protein on the DC surface is
sustained for at least 2 days while their viability is retained (2).
The influenza virus-infected DCs induce a considerably higher

CD8* T cells

[1:None
[] :Inactivated HTLV-I
:Live HTLV-

Case 2

Case 1
(HAM/TSP)

Normal

FIG. 7. Autologous T-cell proliferation by DCs from HAM/TSP patients. DCs were generated from peripheral monocytes obtained from an uninfected donor and
HAM/TSP patients. Plastic-adherent monocytes were obtained from the population of CD2* T cells depleted in advance by using beads. CD4* or CD8™" T cells (5 X
10%/well) were stimulated with 2.5 X 10% autologous HTLV-1-infected, inactivated Ag-pulsed or unpulsed DCs per well for 5 days in triplicate. Mature DCs from
HAM/TSP patient 2 expressed HTLV-1 Ag on the surface without any exposure to HTLV-1 Ag in vitro and those from patient 1 did not.
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proliferative response of CD8" T cells than of CD4" T cells.
Live virus and heat-inactivated virus induce equally strong
cytotoxic T-lymphocyte (CTL) responses in virus-infected
DCs. In these respects, HTLV-1 resembles influenza virus and
markedly contrasts with measles virus or HIV-1 in that HTLV-
1-infected DCs survived more than 6 days without showing any
cytopathic effect, such as apoptotic cell death, and stimulated T
cells without inducing their apoptosis or syncytium formation.
The HTLV-1-infected DCs and uninfected CD4* T cells cog-
nately interacted through MHC, adhesion, and costimulating
molecules. However, in contrast with influenza virus, HTLV-
l-infected or viral Ag-pulsed DCs preferentially stimulated
CD4™" T cells. The proliferation of CD4™ T cells was around
fivefold greater than that of CD8" T cells. Furthermore, the
proliferation of CD8" T cells from healthy donors required the
infection of DCs with HTLV-1 since little CD8* T-cell prolif-
eration was induced by DCs exposed to heat-inactivated virus.
However, the virus-infected DCs could not transmit virus to T
cells or make them immortalize (not shown). This point is in
line with the report by Zucker-Franklin et al. that clearly in-
dicates the lack of productive HTLV-1 infections by DCs (25).
MT-2 cells are known to produce defective virus particles as
well as replication-competent virus. The preferential activation
of CD4™ T cells might be associated with this type of virus.
HTLV-1 infection causes two different diseases, HAM/TSP
and adult T-cell leukemia (ATL). HAM/TSP could be catego-
rized as an autoimmune disease in that it is manifested by
autoreactive T cells which are activated by contact with HTLV-
1-infected APCs (22). Both CD4" and CD8™" T cells play an
important role in the induction of disease. In the active phase
of the disease, both CD4™ and CD8" T cells accumulate in the
spinal cord lesions and CD8™ T cells are predominantly found
there in the chronic phase (23). Patients with HAM/TSP alter-
natively repeat active and inactive states, and disease activity is
reflected by the extension of SPL. In the absence of HTLV-1-
infected activated CD4™ T cells, monocytes from HAM/TSP
patients phenotypically and functionally produced more ma-
ture DCs after a short period of culture in the presence of
the cytokines, which results in directed differentiation into
immature DCs (19, 21). Both CD4" T cells and CD8™" T cells
responded by proliferating strongly in autologous DCs pulsed
with inactivated virions as well as those infected with HTLV-1.
Although we could not obtain definitive data indicating viral
infection to HAM/TSP patient DCs by PCR due to a possible
contamination of a small number of virus-infected T cells, the
mature DCs from some patients carried viral Ags detectable by
FACScan without any apparent exposure to HTLV-1 in vitro,
and they stimulated T cells to significantly higher levels than
DCs bearing undetectable viral Ags. These differences may
relate to the extension of SPL. Furthermore, DCs have been
reported to be infected with virus detectable by in situ hybrid-
ization in vivo (12). These results seem to suggest that CD4™"
and CD8™" T cells are primed with HTLV-1 Ags and that DCs
play an important pathogenic role in the activation of T cells in
HAM/TSP. The proliferation level of CD4™" T cells induced by
DCs appears to depend on the concentration of Ag pulsing the
DCs. In HAM/TSP patients, the frequency of CD4™ T cells
infected with HTLV-1 is higher than that in ATL patients and
asymptomatic carriers (11). Studies in which a large number of
patients are enrolled are required; however, it may be possible
that DCs can be easily infected with HTLV-1 in HAM/TSP
patients, as seen in two patients who had DCs bearing HTLV-1
Ags on the surface in vivo. Particularly in the active state,
HTLV-1-infected T cells are effectively produced, which may
lead to generation of HTLV-1 Ag-bearing DCs, result in the
activation of CD4" T cells. However, the activated CD4" T
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cells are a good target of HTLV-1 infection and contribute to
the production of newly infected T cells as reported previously
(22). Otherwise, they might be killed by a process of activation-
induced cell death as found in the HIV-1 system. In either
process, the virus-specific CD4 " T cells will be selectively lost.
Extracellular HTLV-1 Tax protein is found in sera of HAM/
TSP patients and other HTLV-1-infected or noninfected indi-
viduals (5, 17, 26). The presence of a higher concentration of
the protein might preferentially activate CD4™ T cells, as DCs
primed with heat-inactivated virions poorly stimulated CD8*
T cells in the absence of help by CD4™ T cells. This immuno-
logical situation may, again, lead to production of virus-in-
fected cells. Therefore, the high Ag load period should be
shortened and the Ag-bearing DCs should be eliminated by
CTL or other factors. In this respect, the clonal frequency of a
CD8" CTL precursor specific for HTLV-1 Ags is reported to
be extremely high in HAM/TSP patients (9), and in this study,
the patient CD8" T cells were found to respond strongly to
DCs bearing HTLV-1 Ags in the absence of CD4" T cells.
Therefore, the HAM/TSP patient CD8" T cells should be
primed with viral Ags in vivo, and the immunologically com-
petent and viral Ag-bearing DCs should certainly be present in
HAM/TSP patients as ascertained in this study (Fig. 6). DCs
pulsed at the immature phase and subsequently matured con-
tribute to production of memory CD8" T cells and in control-
ling the number of virus-infected CD4" T cells.

The development of ATL is thought to be closely associated
with the loss of CD8" T cells in number as well as in function.
DCs obtained from tumor-bearing animals showed dysfunction
in T-cell stimulation. Therefore, HTLV-1-infected DCs might
be a good therapeutic and preventive tool against ATL.

In conclusion, we found in this study evidence that DCs were
infected with HTLV-1 in vitro and stimulated both CD4 ™" and
CD8" T cells. The viral Ag-bearing DCs seem to play a major
pathogenic role in HAM/TSP.
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