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Human T-cell leukemia virus type 1 (HTLV-1)-associated myelopathy/tropical spastic paraparesis (HAM/
TSP) is a chronic, progressive neurological disease characterized by marked degeneration of the spinal cord
and the presence of antibodies against HTLV-1. Patients with HAM/TSP, but not asymptomatic carriers, show
very high precursor frequencies of HTLV-1-specific CD81 T cells in peripheral blood and cerebrospinal fluid,
suggestive of a role of these T cells in the pathogenesis of the disease. In HLA-A21 HAM/TSP patients,
HTLV-1-specific T cells were demonstrated to be directed predominantly against one HTLV-1 epitope, namely,
Tax11-19. In the present study, we analyzed HLA-A2-restricted HTLV-1 Tax11-19-specific cytotoxic T cells
from three patients with HAM/TSP. An analysis of the T-cell receptor (TCR) repertoire of these cells revealed
an absence of restricted variable (V) region usage. Different combinations of TCR Va and Vb genes were
utilized between, but also within, the individual patients for the recognition of Tax11-19. Sequence analysis of
the TCR showed evidence for an oligoclonal expansion of few founder T cells in each patient. Apparent
structural motifs were identified for the CDR3 regions of the TCR b chains. One T-cell clone could be detected
within the same patient over a period of 3 years. We suggest that these in vivo clonally expanded T cells might
play a role in the pathogenesis of HAM/TSP and provide information on HTLV-1-specific TCR which may
elucidate the nature of the T cells that infiltrate the central nervous system in HAM/TSP patients.

Human T-cell leukemia virus type 1 (HTLV-1), a member of
the mammalian type C oncovirus family, is the only known
human RNA virus that is associated with a human malignancy,
adult T-cell leukemia. In addition, the virus is also implicated
in the pathogenesis of a slowly progressive neurological disease
termed HTLV-1-associated myelopathy/tropical spastic para-
paresis (HAM/TSP) (38). Further, HTLV-1 has been sus-
pected to play a role in autoimmune diseases such as rheuma-
toid arthritis and Sjögren’s syndrome (46), systemic lupus (23),
and multiple sclerosis (47). However, the evidence for any
association with autoimmune diseases is highly controversial.
Exposure to the virus leads to a persistent infection that

rarely results in disease progression. The majority of seropos-
itive individuals (more than 95%) remain asymptomatic. What
causes progression to disease is unknown but might involve
genetic predisposition (44), different viral strains (18), the
route of transmission, and differences in the host immune
responses.
HAM/TSP is characterized by a thoracic spinal cord atrophy

involving perivascular demyelination and axonal degeneration.
Although the mechanism leading to clinical disease is not
clearly understood, some differences between asymptomatic
carriers and HAM/TSP patients were identified, suggesting the
disease to be the outcome of an immunopathological mecha-
nism. First, in contrast to asymptomatic carriers, patients with
HAM/TSP show extraordinarily high levels of circulating
CD81 HTLV-1-specific cytotoxic T lymphocytes (CTL) (20),

which can be demonstrated directly from peripheral blood
lymphocytes (PBL) by cytotoxicity assays. The precursor fre-
quencies range from 1 in 75 to 1 in 280 among CD81 PBL (11).
In affected HLA-A2-positive individuals the vast majority of
these CD81 HTLV-1-specific CTL recognize one viral epitope
presented by HLA-A2 (11). This immunodominant epitope is
derived from the HTLV-1 Tax regulatory protein and spans
amino acids 11 to 19 (22, 45).
Second, immunohistochemical analysis revealed the pres-

ence of infiltrating CD81 T lymphocytes in the spinal cord
lesions that are characteristic for HAM/TSP (33, 43, 49). The
numbers of infiltrating cells increased with the duration of
disease (25, 43). In HAM/TSP patients of long duration, the
phenotype of the inflammatory cells in spinal cord lesions was
almost exclusively CD81 T cells (33). Although the specificity
of these infiltrating T lymphocytes is not known, it is compel-
ling to consider that these CD81 inflammatory cells might be
HTLV-1 specific as (i) HTLV-1-specific T lymphocytes in large
numbers have been detected in the cerebrospinal fluid in af-
fected individuals (11), and (ii) the presence of HTLV-1 gene
products in material from the central nervous system has been
reported (26, 27).
In the present study we characterized the T-cell receptor

(TCR) usage of HTLV-1 Tax-specific T cells restricted by
HLA-A2 because those cells constitute the majority of virus-
specific T cells in HLA-A2-positive individuals. Additionally,
the immunodominant Tax epitope (Tax11-19) has been well
characterized (22, 45), and the structural conformation of the
Tax11-19/HLA-A2 complex has recently been resolved by crys-
tallography (29). Our analysis demonstrates that the TCRs
used within each patient display a very limited heterogeneity,
indicative of an oligoclonal in vivo expansion of HTLV-1-
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specific CTL. Furthermore, sequence analysis revealed com-
mon structural motifs in the CDR3 regions of HTLV-1 Tax-
specific CD81 CTL. If indeed virus-specific CTL contribute to
the pathology of HAM/TSP, these CTL would be expected to
be present in central nervous system lesions. The knowledge of
the sequences of virus-specific TCRs is a first step towards the
resolution of this question.

MATERIALS AND METHODS
Patients. Peripheral blood mononuclear cells were obtained after informed

consent from three HTLV-1-seropositive patients diagnosed with HAM/TSP at
the National Institutes of Health, Bethesda, Md. HLA typing was performed in
the HLA Typing Laboratory, Department of Transfusion Medicine, National
Institutes of Health. Patient 1 (HLA: A1, 2; B7, 35; Cw1,7; DR1,4; DQ5,8;
Dw53), a 54-year-old Hispanic male, was first diagnosed with HAM/TSP 10 years
ago, patient 2 (HLA: A2, 66; B44, 53; Cw4; B1.1201, B1.1501, B1.0301, B1.0602,
B3.0202, B5.0101), a 54-year-old black male, was diagnosed 9 years ago, and
patient 3 (HLA: A2, 28; B18,44; Cw6,7; DR5,7; DQ2,3; Dw52), a 53-year-old
Caucasian male, was diagnosed 13 years prior to this study. All three patients
showed antibodies to HTLV-1 in their sera and cerebrospinal fluid and did not
present lesions in the head or spine as measured by magnetic resonance imaging.
Synthetic peptides. Peptides were purchased from Synthecell (Gaithersburg,

Md.). The sequences for HTLV-1 Tax11-19 and influenza virus A M1 58-66 were
LLFGYPVYV and GILGFVFTL, respectively. The peptides were stored as
stock solutions in phosphate-buffered saline with 50% dimethyl sulfoxide at 1
mg/ml.
Generation of HTLV-1 Tax11-19-specific HLA-A2-restricted CTL. PBL from

three patients with HTLV-1-associated myelopathy (HAM/TSP) were sorted for
CD81 cells, using magnetic beads coated with anti-CD8 antibodies (Dynabeads
M-450 CD8; Dynal, Lake Success, N.Y.). CD81 cells were detached from the
beads, using a polyclonal anti-immunoglobulin antibody according to the proce-
dures recommended by the manufacturer (DetachaBeads; Dynal). Following one
in vitro stimulation with peptide-pulsed (1 mg of Tax11-19 per ml for 1 h at 378C),
irradiated (3,000 rads) autologous PBL, the cells were set up in limiting dilution
at 10 cells per well in 96-well tissue culture plates (Costar, Cambridge, Mass.).
The cells received 4 U of recombinant interleukin 2 per well on day 1 and 20 U
per well on day 7. The first visible T-cell lines appeared on day 10 after limiting
dilution. The T-cell lines were tested for cytotoxicity and antigen specificity, and
all positive clones were expanded as previously described (15).
Cytotoxicity assay. The cytolytic activity, antigen specificity, and HLA restric-

tion of T-cell clones were assayed in a standard chromium release assay as
previously described (15). Target cells were Hmy2.C1R cells (42) transfected

with HLA-A2 (41) or HLA-A3 (10) and pulsed with either Tax11-19 or M1
58-66. The results of cytotoxicity assays are expressed as mean percent specific
lysis of triplicate determinations (15).
RNA extraction and cDNA synthesis. T-cell lines were kept without feeder or

antigen-presenting cells for at least 12 days prior to RNA preparation. RNA
from 0.2 3 106 to 2 3 106 T cells was extracted by lysis with a guanidinium-
isothiocyanate solution, followed by phenol-chloroform extraction and precipi-
tation with isopropanol as described elsewhere (6). First-strand cDNA was tran-
scribed with oligo(dT) and random hexanucleotides as primers, using a cDNA
synthesis kit (Pharmacia, Piscataway, N.J.). Synthesis reactions were performed
as suggested by the manufacturer. The first-strand cDNA was used for the
analysis of TCR usage by PCR.
TCR analysis. An analysis of the TCR usage of T-cell lines was undertaken,

using 21 TCR Va- and 22 TCR Vb-family-specific primers together with primers
annealing in the respective constant regions of the TCR a- and b-chain genes. A
summary of all TCR Va- and Vb-family-specific primers used in the PCRs is
shown in Table 1. Briefly, PCRs were set up as batches containing cDNA, 13
PCR buffer (Boehringer, Mannheim, Germany), deoxynucleoside triphosphates
(Perkin-Elmer), constant-region primer, and Taq polymerase (Boehringer). Fif-
teen microliters of the mixture was distributed to 21 (for TCR Va analysis) or 22
(for TCR Vb analysis) tubes each containing 5 ml of a 20 mM solution of a
respective Va or Vb primer. First-strand cDNA representing material from
2,000 to 5,000 cells was used for each individual PCR. The applied PCR condi-
tions (30 cycles; 1 min at 948C, 20 s at 608C, 1 min at 728C, followed by 10 min
at 728C) proved stringent and excluded cross-annealing. The amplification prod-
ucts were separated on 1% agarose gels and visualized with ethidium bromide.
The band sizes ranged from 650 to 800 bp. The identities of the TCR V regions
were verified for most cases by a second independent PCR using V-region
primers containing one EcoRI site. These restriction sites allowed cloning of the
PCR products in pUC18 via EcoRI. Multiple colonies were sequenced in each
case to confirm V-region usage and to determine the productivity of a rearrange-
ment. Generic primers annealing in the 59 regions of the two constant regions
were used to obtain CDR3 region sequences. All colonies sequenced from an
individual amplified TCR confirmed the previous V-region analyses, and all
appeared homogeneous.

RESULTS

Establishment of HTLV-1 Tax11-19-specific CTL. Previous
studies of the virus-specific T-cell responses in HAM/TSP pa-
tients had shown precursor frequencies of 1 in 75 to 1 in 280
among CD81 PBL (11). The vast majority of these HTLV-1-
specific CTL recognized one epitope derived from the viral

TABLE 1. TCR Va- and Vb-family-specific primers used for the TCR analysisa

Primer Sequence Primer Sequence

Va1 aga gcc cag tcg gtg acc cag Vb1 gag aga gca aaa gga aac att ctt gaa
Va2 gt gtt cca gag gga gcc att g Vb2 tcc aag gcc aca tac gag caa ggc gtc
Va3 g gtg aac agt caa cag gga ga Vb3 gaa aaa gga gat att cct gag ggg tac
Va4 t gat gct aag acc acc cag cc Vb4 gag gcc aca tat gag agt gga ttt gtc
Va5 g gcc ctg aac att cag gag gg Vb5 a gag aga ggc aga gga aac ttc cct g
Va6 g tca ctt tct agc ctg ctg aa Vb6 aaa gct caa cta gac aaa tca ggg
Va7 a gga gcc att gtc cag ata aa Vb7 agt gtg cca agt cgc ttc tca cct gaa
Va8 gga gag agt gtg gag ctg cat c Vb8 gtt ccg ata gat gat tca ggg atg ccc
Va9 atc tca gtg ctt gtg ata ata Vb9 t ata aat gaa aca gtt cca aat cgc tt
Va10 acc atg tac tgc aat tcc tca ac Vb10 att cag aaa gca gaa ata atc aat gag
Va11 a gaa agc aag gac caa gtg tt Vb11 aca gag aag gga gat ctt tcc tct gag
Va12 cag aag gta act caa gcg cag act Vb12 gac aaa gga gaa gtc tca gat ggc tac
Va13 agt gcc cag gtt tgc tgt gtg Vb14 agg cag ggg cct cca gct gct ctt cta
Va14 gtg atc tcc acc tgt ctt gaa t Vb15 ata aac aaa gga gag atc tct gat gga
Va15 agt atg agt aga gga gag gat Vb16 cat gat aat ctt tat tgg tat cga cgt
Va16 agt ggg ctg aga gct cag tca Vb17 cag aaa gga gat ata gct gaa ggg tac
Va17 gtg act ata cta aca gca tgt Vb18 gag tca gga atg cca aag gaa cga ttt
Va18 atg aca agg gaa gca aca aag Vb19 gaa acg gag atg cac aag aag cga ttc
Va19 caa agt cct cag tct ctg att gtc Vb21 gta gac gat tca cag ttg cct aag gat
Va22 caa cag cta atg cag agt cct caa Vb22 gaa atc tca gag aag tct gaa ata ttc
Va23 gag gtg aca cag att cct gca gct Vb23 ttc ctc att tcg ttt tat gaa aag atg

Vb24 ttc cac tac tat gac aaa gat ttt aac
CaExt agc gtc atg agc aga tta aac ccg CbExt gat ggt ggc aga cag gac ccc ttg ctg

a The primer specific for Va10 also amplifies Va27 and Va30; primer Va19 amplifies the single family members of Va19, -20, -21, -24, -26, and -28; and primer Va22
amplifies Va22 and -25. The above-mentioned Va families are expressed rarely and were grouped together according to homologies and to reduce the amount of
material required for each TCR Va or Vb analysis. The Vb13 family members were grouped with the Vb12 family members on the basis of their high homology. Vb20
is a pseudogene.
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regulatory protein Tax. This epitope consists of amino acids 11
to 19 (LLFGYPVYV) of the protein and is presented by
HLA-A2 (22, 45). Three HAM/TSP patients were initially se-
lected for analysis of their Tax-specific CTL repertoires on the
basis of the following criteria: (i) at least a 9-year duration of
disease, (ii) HLA-A2 positivity, and (iii) high precursor fre-
quencies for HLA-A2-restricted Tax11-19-specific CD81 CTL
in their PBL. A panel of HLA-A2-restricted Tax11-19-specific
CTL were established from each of these patients as described
in Materials and Methods. All CTL lysed only Hmy2.C1R cells
that had been transfected with HLA-A2 and pulsed with
Tax11-19. The same targets pulsed with the HLA-A2-re-
stricted peptide M1 58-66 were not lysed, and Tax11-19-pulsed
Hmy2.C1R cells transfected with HLA-A3 were also not lysed.
Representative results are shown in Fig. 1A. Titration experi-
ments were performed to determine the concentration of the
Tax11-19 peptide required to produce half-maximal specific
lysis. Two of the 11 CTL tested were able to specifically lyse
target cells pulsed for 1 h with 10217 M Tax11-19 (Fig. 1B). All
CTL had half-maximal lysis values at #1029 M Tax11-19 (Fig.
1B).
TCR repertoire of Tax11-19-specific CTL. The TCR reper-

toire was determined for a total of 8 CTL from patient 1, 5
from patient 2, and 11 from patient 3. To analyze the TCR
genes expressed by these HLA-A2-restricted Tax11-19-specific
CTL, two sets of TCR Va- and Vb-family-specific primers
were used for PCR amplifications. CTL displaying more than
one prominent Vb signal were excluded from the study, as they
were thought not to represent a clonal T-cell population. Fig-
ure 2 shows the representative results of a TCR Va and Vb
analysis for CTL clone 2F2 from patient 1 (Fig. 2A), clone
10B7 from patient 2 (Fig. 2B), and clone 1A7 from patient 3
(Fig. 2C).
Three of the eight CTL clones analyzed for patient 1 (3F9,

2F2, and 1G5) expressed Va16 and Va18 together with Vb17
(Table 2; Fig. 2A). The three TCR genes were subsequently
cloned and sequenced for each of the CTL clones to verify the
PCR analysis. All belonged to their predicted TCR V-region
family. The Va18 gene showed the same nonproductive rear-
rangement in each CTL line (data not shown). Each Va16
gene was productively rearranged to Ja28; each Vb17 gene was
productively rearranged to Jb2.1 and Cb2 (Table 3). The nu-
cleotide sequences for the TCR a- and b-chain genes were
found to be identical for all three CTL lines (Table 3). These
results clearly prove that the three CTL lines are identical
progeny of the same clone. Two other CTL lines from patient
1 (1B6 and 3G12) each used Va19 and Va6 together with Vb5
(Table 2). The Vb5 genes of these two CTL lines were se-
quenced and verified as Vb5.14 genes productively rearranged
to Jb2.1 and Cb2 (Table 3) the same Jb that had been used by
the three clones described above. 1B6 and 3G12 also appear to
be the offspring of a single clone. Two additional CTL lines
from patient 1(2F12 and 3F2) expressed Va12 and Vb3 (Table
2). Sequence analysis of their Vb3 genes revealed identical
sequences (Table 3), again identifying them as the progeny of
a single clone. Thus, for patient 1, seven of the eight CTL lines
established represent the progeny of three founder clones.
Analysis of the five Tax11-19-specific CTL lines established

from patient 2 demonstrated that two CTL lines (10C2 and
10C7) expressed Va2 and Va4 (Table 2). The two genes from
each CTL line were cloned and sequenced. Both Va4 genes
were nonproductively rearranged and showed identical nucle-
otide sequences (data not shown). The Va2 genes were both
productively rearranged with Ja24 and were identical in their
nucleotide sequences (Table 3). Both 10C2 and 10C7 ex-
pressed Vb12. Therefore, the two CTL clones are derived from

one founder clone. Two additional CTL lines from patient 2
expressed Va17, Va5, and Vb12 (Fig. 2B). Sequence analysis
showed that the genes in both lines were identical and that
Va5 was nonproductively rearranged. Va17.2 was connected
with Ja54, and Vb12 was connected with Jb2.7 and Cb2 (Table
3). CTL clone 10D2 expressed Va1.2 combined with Vb16.
The productive rearrangement of both TCR chains was veri-
fied by sequence analysis, and Vb16 expression was addition-
ally confirmed through fluorescence-activated cell sorter anal-
ysis using a TCR Vb16-specific monoclonal antibody (data not
shown). Thus, four of the five CTL lines from patient 2 origi-
nated from two founder CTL clones.
The TCR repertoire of 11 CTL lines was analyzed for pa-

tient 3. Three of these lines (1H2, 2A3, and 1A7) expressed
Va5, Va8, and Vb4 (Fig. 2C). The only productively rear-
ranged Va gene, Va5, was combined with Ja6. Vb4 was pro-
ductively rearranged with Jb1.2 and Cb1. The nucleotide se-
quences were identical for all three CTL lines, indicative of
clonal identity. Of the remaining eight CTL lines from patient
3 four expressed Vb12, suggesting a preferential usage of this
V-region gene in this patient. Interestingly, the TCR b-chain
gene sequence for CTL 2G4 (Vb12.3 rearranged with Jb2.7)
proved identical to the TCR b-chain gene sequence of CTL A6
(44a), a T-cell clone generated 3 years earlier from the same
patient and with the same HLA restriction and antigen spec-
ificity. Also, both CTL A6 and 2G4 expressed Va2.
Comparison of TCR sequences expressed in HLA-A2-re-

stricted Tax11-19-specific CTL. A total of 7 unique TCR
a-chain and 11 unique TCR b-chain sequences were examined
for the occurrence of common motifs in their complementarity
determining region 3 (CDR3), the part of a TCR gene that is
created through the rearrangement of a V-region and a J-
region gene and which is additionally shaped through N addi-
tions. A compilation of all TCR a- and b-chain sequences
obtained is shown in Table 3.
The TCR Va region genes were found to be rearranged with

multiple Ja genes (Table 3). No significant predominance of a
certain Ja was observed. Interestingly, the only two sequences
derived from two patients that had used Va2 were both rear-
ranged with Ja24. In all TCR a-chain sequences two hydro-
phobic amino acids were found following directly after the last
cysteine in the V region, irrespective of the V region used. Two
of the seven sequences showed a subsequent arginine; three
more had a serine or threonine at this position. No other
apparent motifs were found within the CDR3 of TCR a-chain
sequences.
Eight of the 11 unique TCR Vb chain sequences were re-

arranged with Jb2.1 or Jb2.7. These two junctional genes show
strong homologies with each other, both displaying the se-
quence Y(N)EQXFGPGTRLTV (X represents phenylalanine
or tyrosine). Five of 11 sequences contained a proline followed
by a glycine in the CDR3, generated either by the combination
of N additions with a diversity region gene or solely by N
addition. Two additional TCR b chains contained a proline in
the CDR3 with no glycine following.
We determined the sequences of TCR Va/Vb heterodimers

for 10 CTL clones generated from three patients (Table 4).
The 10 heterodimers represented six unique TCR pairs, thus
allowing the comparison of TCRs with identical HLA restric-
tion and epitope specificities but differing in Va/Vb composi-
tion. Arginine created through N addition was present in the
CDR3 regions of three of the six unique TCR pairs. The other
three pairs showed a glutamine or glutamic acid at the same
position. A proline/glycine motif was observed within the
CDR3 regions of TCR b chains in four of the six TCR het-
erodimers. In each instance, this motif was created at least
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FIG. 1. (A) Antigen specificity and HLA restriction of HTLV-1 Tax11-19-specific HLA-A2-restricted CTL generated from two HAM/TSP patients. Hmy2.C1R cells
transfected with HLA-A2 were pulsed with 1 mg of Tax11-19 or M1 58-66 per ml, or no peptide was added. The target cells were incubated for 1 h, and cytotoxicity
assays were performed as described in Materials and Methods. Untransfected or HLA-A3-transfected Hmy2.C1R cells were not lysed by any of the T-cell lines (data
not shown). (B) Determination of the concentration of Tax11-19 at which 50% specific lysis can still be obtained. Hmy2.C1R cells transfected with HLA-A2 were
incubated for 1 h with 10-fold dilutions of Tax11-19 starting with 1 mg/ml (1 mM). Dilutions (molar) of Tax11-19 are indicated on the y axis. The corresponding CTL
and patients are indicated on the x axis.
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partially through N additions, and all four TCR b chains were
rearranged with Jb2.1 or Jb2.7. The proline/glycine motif was
found in combination with Vb12.3, Vb16, and Vb17. Overall,
common structural motifs within the CDR3 regions were ob-
served for the TCR b chains but not within the TCR a chains.
That motifs must not predict the avidity of a TCR is demon-
strated by the proline/glycine motif. CTL clones 2G4 and ID4,
both generated from patient 3, express Vb12 and contain the
proline/glycine motif in their CDR3. However, 2G4 lyses target
cells pulsed with peptide amounts as low as 10217 M, whereas
ID4 requires at least 1029 M for 50% specific lysis (Fig. 1B).
CTL 2G4 expresses Va2; the Va gene expressed by ID4 could
not be determined. It is likely that the a chain of a TCR
contributes to its affinity and that motifs in one CDR3 might
not be sufficient for mediation of high affinity. Also, single
amino acid differences might have dramatic effects and in-
crease or diminish affinity, as was seen for single amino acid
substitutions in major histocompatibility complex (MHC)
genes and peptides.
The CDR3 lengths of the 7 unique TCR a chains and 11

unique TCR b chains were within the range typically found for

human TCR a and b chains (37). The CDR3 lengths deter-
mined by the method of Rock et al. (37) ranged from 6 to 11
amino acids for the a chains and 6 to 12 amino acids for the b
chains. Also, the mean values calculated for TCR a (9.4) and
TCR b (9.5) from our CTL corresponded with the values
determined for human TCR a (9.2) and TCR b (9.5) found
previously (37). No correlation was found between the CDR3
lengths of pairing a and b chains. CTL from patient 1 (2F2,
3F9, and 1G5) demonstrated the pairing of an a chain that has
an 11-amino-acid CDR3 with a b chain that has a 12-amino-
acid CDR3 (Table 4). However, another CTL with an identical
CDR3 length in a pairs with a b chain that has a CDR3 of only
six amino acids (Table 4). Therefore, the length of the CDR3
in one chain seems not to restrict the length in the chain
partner.
The comparison of all sequence data demonstrates that the

recognition of the Tax11-19/HLA-A2 complex can be facili-
tated by TCR with quite diverse Va/Vb combinations. How-
ever, certain Va/Vb combinations were found to reoccur
within individual patients and were shown to be the result of an
oligoclonal expansion of few founder CTL.

DISCUSSION
The HTLV-1-encoded regulatory protein Tax is a major

target for virus-specific CTL in HAM/TSP patients. CTL spe-
cific for Tax are almost always found in HAM/TSP patients
(20, 22) but are mostly absent in asymptomatic carriers (22).
Our study demonstrated the presence of oligoclonally ex-
panded CD81 CTL that recognize Tax in several HAM/TSP
patients examined. This finding is indicative of an in vivo ac-
tivation of virus-specific CTL and corresponds well with the
documented high precursor frequencies for HTLV-1-specific T
cells in HAM/TSP patients (11, 20). The dramatic expansion of
a limited number of CD41 as well as CD81 T cells following
viral infections has been demonstrated in the past, most re-
cently in patients newly infected with influenza virus (32).
The current analysis of TCRs expressed by CTL specific for

FIG. 2. TCR analysis using PCR and Va- or Vb-family-specific primers. For
primer sequences, see Table 1. The PCR conditions are described in Materials
and Methods. The products of amplification were separated on a 1% agarose gel
and visualized with ethidium bromide. TCR Va and Vb analyses are shown for
CTL 2F2 from patient 1 (A), CTL 10B7 from patient 2 (B), and CTL 1A7 from
patient 3 (C).
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Tax and restricted by HLA-A2 revealed a limited number of
distinct founder T cells that are clonally expanded within each
patient. These T cells used different TCR Va/Vb combinations
between but also within individual subjects. TCRs with quite
diverse V-region combinations and no apparent amino acid
sequence similarities were found to recognize the same anti-
gen/MHC complex (Table 4). This diversity argues for a con-
certed action of both TCR chains in the recognition of a single
peptide/MHC complex and an involvement of all CDR re-
gions. An overrepresentation of certain Vb chains as reported
for responses to other immunodominant viral epitopes, such as
the influenza A virus matrix peptide M157–68 (28, 34), an
epitope that is also restricted by HLA-A2, was not observed
for Tax11-19. Interestingly, HLA-A2-restricted responses to
M157–68 both in humans and in mice transgenic for HLA-A2
(30) lead to the selection of dominant Vb genes. However, the
V-region genes utilized in mice were not homologous to the
V-region genes used in humans for the recognition of the same
antigen/MHC complex. This was likely due to the different
TCR repertoires in the two species. A preferential usage of
dominant V-region genes was also observed for responses to
an antigenic peptide from vesicular stomatitis virus, restricted
by H-2Kb (17), and to a peptide derived from Epstein-Barr
virus nuclear antigen 3 restricted by HLA-B8 (1). A restricted
V-region usage by autoreactive T cells, especially for the TCR

b chain, has been reported for a number of autoimmune dis-
eases (2, 24, 52). This led to a V-region disease hypothesis
which tried to link the occurrence of autoimmune diseases to
the usage of certain Vb regions (14). More recent data argue
in favor of a greater heterogeneity in TCR usage, even in
animal systems for autoimmune diseases such as experimental
allergic encephalomyelitis. This new evidence has led to a
rejection of the V-region disease hypothesis (48).
One of the best studied autoreactive T-cell responses is the

one to myelin basic protein in multiple sclerosis (MS) patients
(2, 12, 24, 31, 36, 39, 50). MS represents a human demyelinat-
ing disease with striking similarities to HAM/TSP, and both
diseases have been postulated to involve an autoimmune
mechanism. Consequently, TCR genes expressed by T cells
that infiltrate the spinal cord or central nervous system in
HAM/TSP and MS patients have been studied and compared
with TCRs expressed by myelin basic protein-specific T cells
(13, 35). Both, Hara et al. (13) and Oksenberg et al. (35) found
supposed CDR3 region homologies based on only one or two
amino acids that recurred in a few of the sequences and at
different positions. The sequences of the Tax-specific TCR
detected by us did not resemble the sequences of the infiltrat-
ing T cells described by Hara et al. (13) for HAM/TSP patients.
However, as no HLA haplotypes had been reported for those
patients, these infiltrating T cells could have been restricted by
HLA molecules other than HLA-A2. Also, HTLV-1-specific T
cells recognizing epitopes other than Tax11-19 might be
present in the central nervous system. Therefore, the question
of whether infiltrating T cells in HAM/TSP patients represent
virus-specific CTL or autoreactive T cells recognizing myelin
antigens, as suggested by some, remains unanswered.
On the basis of a comparison with immunoglobulin genes,

the CDR3 regions of a TCR were proposed to be of pri-
mary importance for peptide recognition (7–9), a hypothesis
strengthened by the observation that the amino acids in a
selected CDR3 region change in response to the substitutions
made in an antigenic peptide (5, 21). We compared the se-
quences of the CDR3 regions of both a and b chains in order
to determine the potential contribution of each to the recog-
nition of the Tax/HLA-A2 complex. Overall, the sequences of
the a chains showed no recurring motifs within their CDR3
regions. However, common structural motifs within the CDR3
regions were observed for the b chains. The TCR b chains
rearranged predominantly with Jb2.1 or Jb2.7, and four of six
distinct TCR pairs contained a proline followed by glycine at a
position within the CDR3 region that is thought to be impor-
tant for peptide recognition. The crystallographic structure of
the Tax11-19/HLA-A2 complex has been determined (29), and
the most prominently exposed amino acid within the nonamer
peptide was found to be a proline. Additionally, two tyrosine
residues and one phenylalanine seem to be accessible for TCR
contact. These three amino acids carry aromatic side chains
and might favor the selection of CDR3 residues with aliphatic
side chains. The recent resolution of the crystal structure for a
mouse TCR b chain suggests an involvement of all three CDR
regions and a fourth hypervariable region in the recognition of
antigen/MHC complexes (3). Highly heterogeneous CDR3 re-
gions despite identical restriction and epitope specificities have
also been reported for class II-restricted TCRs recognizing the
tetanus toxin peptide 830–843 (4). The heterogeneity observed
by us and Boitel et al. (4) argues in favor of distinct TCRs
being able to ‘‘see’’ an antigen/MHC complex by binding to it
in more than one way. In other words, the primary TCR con-
tact residues may vary within a given peptide/TCR combination.
Interestingly, the TCR b-chain sequences of CTL clone

2G4, which had been generated from patient 3 for this study,

TABLE 2. TCR usage of HTLV-1-specific HLA-A2-restricted CTL
a

CTL
TCR(s)

TCR Va TCR Vb

Patient 1
3F9 16b (18b,c) 17b

2F2 16b (18b,c) 17b

1G5 16b (18b,c) 17b

1B6 19 (6) 5b

3G12 19 (6) 5b

2F12 12, 11 3b

3F2 12 3b

1C10 12, 2 24b

Patient 2
10B7 17b (5b,c) 12b

10D3 17b (5b,c) 12b

10C7 2b (4b,c) 12
10C2 2b (4b,c) 12
10D2 1b 16b

Patient 3
1H2 5b (8b,c) 4b

1A7 5b (8) 4b

2A3 5 (8) 4b

2H1 2 4
2G4d 2 12b

ID4 NIe 12b

1G7 NI 12
D3 NI 12
C7 4 NI
IE3 NI 8b

1H1 6b 9b

a TCR usage of individual T-cell clones was determined by PCR using TCR
V-region family-specific primers as described in Materials and Methods.
b Confirmed through sequence analysis.
c Nonproductively rearranged TCR Va chains.
d The sequence for the TCR b-chain gene of CTL 2G4 was identical to that of

the TCR b-chain gene from CTL A6, an HLA-A2-restricted HTLV-1 Tax11-19-
specific cytotoxic T-cell clone that had been generated from the same patient 3
years earlier.
e NI, not identified.
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TABLE 3. Amino acid and nucleotide sequences of TCR a- and b-chain genes expressed by HTLV-1 Tax11-19-specific HLA-A2-restricted
CTL established from three patients with HAM/TSP

CTL (no. of colonies
sequenced)

Sequencea

V region N or N(D)N J region C region

a chain
Patient 1
3F9 Va16 Ja28 (8/8) VSDSALYFCA

tac ttc tgt gct
VRS
gtg aga t

YSGAGSYQLTFGKGTKLSVIP
ca tac tct ggg gct ggg agt tac

NIQNP

2F2 Va16 Ja28 (6/6) VSDSALYFCA
tac ttc tgt gct

VRS
gtg aga t

YSGAGSYQLTFGKGTKLSVIP
ca tac tct ggg gct ggg agt tac

NIQNP

1G5 Va16 Ja28 (4/4) VSDSALYFCA
tac ttc tgt gct

VRS
gtg aga t

YSGAGSYQLTFGKGTKLSVIP
ca tac tct ggg gct ggg agt tac

NIQNP

Patient 2
10B7 Va17.2 Ja54 (8/8) PGDSAVYFCA

tac ttc tgt gca
AME
gca atg g

GAQKLVFGQGTRLTINP
ag gga gcc cag

NIQNP

10D2 Va1.2 Ja48 (13/13) MSDAAEYFCA
tac ttc tgt gct

VSD
gtg agt gac c

PNFGNEKLTFGTGTRLTIIP
ct aac ttt gga aat gag

KSQNP

10C7 Va2.8 Ja24 (4/4) LSDSATYLCV
tac ctc tgt gtg

LS
ctt t

TDSWGKFQFGAGTQVVVTP
ca act gac agc tgg ggg

DIQNP

10C2 Va2.8 Ja24 (1/1) LSDSATYLCV
tac ctc tgt gtg

LS
ctt t

TDSWGKFQFGAGTQVVVTP
ca act gac agc tgg ggg

DIQNP

Patient 3
A6 Va2.3 Ja24 (10/10) PSDSATYLCA

tac ctc tgt gcc
VT
gtt a

TDSWGKLQFGAGTQVVVTP
ca act gac agc tgg ggg

DIQNP

11H2 Va5 Ja6 (1/1) PEDSATYLCA
tat ctc tgt gct

VQAHS
gtg cag gcc cac t

SGGSYIPTFGRGTSLIVHP
ca tca gga gga agc tac

YIQNP

11A7 Va5 Ja6 (3/3) PEDSATYLCA
tat ctc tgt gct

VQAHS
gtg cag gcc cac t

SGGSYIPTFGRGTSLIVHP
ca tca gga gga agc tac

YIQNP

21H1 Va6.1 Ja50 (1/1) LGDSAMYFCA
tat ttc tgt gca

MREGE
atg aga gag ggc ga

KTSYDKLIFGPGTSLSVIP
g aaa acc tcc tacgac

NIQNP

b chain
Patient 1
1B6 Vb5.14 Jb2.1 (3/3) LGDSALYLCASS

tgc gcc agc agt
IWG
att tgg ggt

YNEQFFGPGTRLTVL
tac aat gag

EDLKN

3G12 Vb5.14 Jb2.1 (6/6) LGDSALYLCASS
tgc gcc agc agt

IWG
att tgg ggt

YNEQFFGPGTRLTVL
tac aat gag

EDLKN

3F9 Vb17 Jb2.1 (7/7) KNPTAFYLCASS
tgt gcc agt agt

ISPGQGAQ
atc tct cca gga cag ggg gcg cag

NEQFFGPGTRLTVL
aat gag

EDLKN

2F2 Vb17 Jb2.1 (4/4) KNPTAFYLCASS
tgt gcc agt agt

ISPGQGAQ
atc tct cca gga cag ggg gcg cag

NEQFFGPGTRLTVL
aat gag

EDLKN

1G5 Vb17 Jb2.1 (1/1) KNPTAFYLCASS
tgt gcc agt agt

ISPGQGAQ
atc tct cca gga cag ggg gcg cag

NEQFFGPGTRLTVL
aat gag

EDLKN

1C10 Vb24.1 Db2.1 Jb2.7 LGDAAMYLCATS
tgt gcc acc agc

RI(TSG)EP
aga att (act agc gg) a gag ccc

YEQYFGPGTRLTVT
tac

EDLKN

3F2 Vb3 Jb2.1 (5/5) TNQTSMYLCASS
tgt gcc agc agt

LGVP
tta ggg gtt cc

EQFFGPGTRLTVL
t gag cag ttc

EDLKN

2F12 Vb3 Jb2.1 (7/7) TNQTSMYLCASS
tgt gcc agc agt

LGVP
tta ggg gtt cc

EQFFGPGTRLTVL
t gag cag ttc

EDLKN

Patient 2
10D2 Vb16.1 Jb2.7 (9/9) LEDSGVYFCASS

tgt gccagc agc
QDPSGMI
caa gac cct agc ggg atg at

YEQYFGPGTRLTVT
c tac

EDLKN

10B7 Vb12.3 Jb2.7 (3/3) PSQTSVYFCASS
tgt gcc agc agt

YPGGGF
tac ccg ggg ggg ggg ttt

YEQYFGPGTRLTVT
tac gag

EDLKN

10D3 Vb12.3 Jb2.7 (7/7) PSQTSVYFCASS
tgt gcc agc agt

YPGGGF
tac ccg ggg ggg ggg ttt

YEQYFGPGTRLTVT
tac gag

EDLKN

Patient 3
ID4 Vb12.3 Jb2.1 (4/4) PSQTSVYFCASS

tgt gcc agc agt
YPGQGV
tat ccg gga cag gga gta

NEQFFGPGTRLTVT
aat gag

EDLKN

2G4 Vb12.3 Db2.1 Jb2.7 PSQTSVYFCAS
tgt gcc agc

RP(GLAGG)RP
agg ccg (gga cta gcg gga ggg) cga cca

EQYFGPGTRLTVT
gag

EDLKN

A6 Vb12.3 Db2.1 Jb2.7 PSQTSVYFCAS
tgt gcc agc

RP(GLAGG)RP
agg ccg (gga cta gcg gga ggg) cga cca

EQYFGPGTRLTVT
gag

EDLKN

IE3 Vb8 Jb2.5 (4/4) PRDSAVYFCASS
tgt gcc agc agt

FLGGG
ttc ttg ggg ggt ggc

QETQYFGPGTRLLVL
caa gag

EDLKN

1A7 Vb4 Jb1.2 (8/8) PEDSSIYLCS
tgc agc

ETGLEG
gag aca ggt ttg gaa ggc

YTFGSGTRLTVV
tacacc

EDLKN

1H2 Vb4 Jb1.2 (6/6) PEDSSIYLCS
tgc agc

ETGLEG
gag aca ggt ttg gaa ggc

YTFGSGTRLTVV
tacacc

EDLKN

2A3 Vb4 Jb1.2 (4/4) PEDSSIYLCS
tgc agc

ETGLEG
gag aca ggt ttg gaa ggc

YTFGSGTRLTVV
tacacc

EDLKN

1H1 Vb9 Jb1.6 (5/5) LGDSAVYFCASS
tgt gcc agc agc

KGGL
aaa ggg ggg tta

NSPLHFGNGTRLTVT
aat tca

EDLKN

a The last 10 (a chain) or 12 (b chain) amino acids of the V region followed by N additions and the J-region gene and including the first 5 amino acids of the C region are
shown. The nucleotide sequence is listed below each amino acid sequence, detailing the origin of the amino acid codons and demonstrating the productive rearrangement.
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and of CTL clone A6, which had been established from the
same patient 3 years earlier, proved identical. This implicates a
selection, expansion, and maintenance of this CTL clone over
a time period of at least 3 years. Such a persistence of individ-
ual T-cell clones has been observed for myelin basic protein-
specific T cells in MS patients (40, 51).
The question arises whether persistent virus-specific CTL,

which are present in large numbers in the periphery and the
cerebrospinal fluid of patients with neurological complications
(19), are beneficial to the patient or contribute to the patho-
genesis of HAM/TSP. This question reflects the two alternative
models that currently attempt to explain the pathology of
HAM/TSP (16). In the first model, activated virus-specific CTL
cross the blood-brain barrier and either lyse HTLV-1-infected
glial cells directly or cause central nervous system damage
through a release of cytokines that kill glial cells in a bystander
fashion. In the second model, HTLV-1 infection leads to the
activation of autoreactive T cells that subsequently contribute
to demyelination, although, to date, no autoreactive CTL have
been found in the cerebrospinal fluid in HAM/TSP patients.
The two models imply contrasting therapies that will attempt
either to augment or to inhibit the immune response in this
disease. A characterization of the antigen specificity and TCR
usage of infiltrating T cells should help determine whether they
represent virus-specific or autoreactive T cells.
The knowledge of the TCR sequences of the virus-specific

CTL that are clonally expanded in HAM/TSP patients pro-
vides a potentially useful tool for the characterization of infil-
trating T cells by PCR or in situ hybridization. If few virus-
specific founder T cells are involved in the pathogenesis of

HAM/TSP, they might be targeted through an induction of
apoptosis or anergy using altered peptide ligands or soluble
antigen/MHC complexes.
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