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ABSTRACT Human T-cell leukemia virus type I
(HTLV-I) gives rise to a neurologic disease known as HTLV-
I-associated myelopathy/tropical spastic paraparesis
(HAM/TSP). Although the pathogenesis of the disease is
unknown, the presence of a remarkably high frequency of
Tax-specific, cytotoxic CD8 T cells may suggest a role of these
cells in the development of HAM/TSP. Antigen-mediated
signaling in a CD8 T-cell clone specific for the Tax(11-19)
peptide of HTLV-I was studied using analog peptides substi-
tuted in their T-cell receptor contact residues defined by x-ray
crystallographic data of the Tax(11-19) peptide in the groove
of HLA-A2. CD8 T-cell stimulation with the wild-type peptide
antigen led to activation of p56lck kinase activity, interleukin
2 secretion, cytotoxicity, and clonal expansion. A Tax analog
peptide with an alanine substitution of the T-cell receptor
contact residue tyrosine-15 induced T-cell-mediated cytolysis
without activation of interleukin 2 secretion or proliferation.
Induction of p56Ick kinase activity correlated with T-cell-
mediated cytotoxicity, whereas interleukin 2 secretion corre-
lated with [3H]thymidine incorporation and proliferation.
Moreover, Tax peptide analogs that activated the tyrosine
kinase activity of p56lck could induce unresponsiveness to
secondary stimulation with the wild-type peptide. These ob-
servations show that a single amino acid substitution in a
T-cell receptor contact residue ofTax can differentially signal
CD8 T cells and further demonstrate that primary activation
has functional consequences for the secondary response of at
least some Tax-specific CD8 T cells to HTLV-I-infected target
cells.

Human T-cell leukemia virus type I (HTLV-I), the first known
human retrovirus (1), gives rise to a number of human diseases,
most notably adult T-cell leukemia (1) and a neurologic
disease known as HTIV-I-associated myelopathy/tropical
spastic paraparesis (HAM/TSP) (2, 3). HAM/TSP is charac-
terized by inflammatory lesions in the spinal cord with a
chronic progressive demyelination (4). Although the patho-
genesis of the disease is unknown, a strikingly high frequency
of CD8 T cells in the cerebrospinal fluid specific for the
HTLV-I Tax protein suggests the involvement of antiviral
cytotoxic CD8 T cells in the development of the disease (5).

Cytotoxic CD8 T cells recognize viral peptide antigens of
typically 8-10 amino acids in the context of major histocom-
patibility complex class I (6). This results in ligation of the
T-cell receptor (TCR) and initiation of signal transduction
events leading to activation of the cytolytic pathway and clonal
expansion of the CD8 T cell. Although the temporal events in
the signal transduction cascade are still poorly understood, it
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is likely that p56lck plays a major role in CD8 T-cell activation
(7, 8). Peripheral T cells from p56lck-knock-out mice are
severely impaired in their antigen-specific T-cell signaling (9)
and impaired signaling in mutant Jurkat T cells deficient in
p56lck expression can be restored by its reexpression (10).

Single amino acid substitutions in antigenic peptides can
alter the outcome of T-cell receptor ligation in a qualitative
way (11-20) and may thus provide insight into the separate
signaling pathways after antigen-specific triggering. We have
used this approach to analyze the CD8 response to the HTLV-I
Tax(11-19) peptide antigen. In HLA-A2 positive patients with
HAM/TSP the majority of CD8 T cells recognize the Tax
peptide 11-19 (5, 21). This peptide fits the proposed anchor
motif for HLA-A2 binding (22) and has recently been crys-
talized in the peptide groove of HLA-A2 (23). This has defined
the structural basis for synthesizing peptide analogs substituted
in their TCR contact residues.
Here we provide evidence for differential signaling in

human CD8 T cells by a single amino acid substitution in a
TCR contact residue of the peptide antigen and further
demonstrate that primary activation has functional conse-
quences for the secondary response of at least some Tax-
specific CD8 T cells to HTLV-I-infected target cells.

MATERIALS AND METHODS
Generation of Epstein-Barr Virus (EBV)-Transformed B

Cells. EBV-transformed B cells were generated from mono-
nuclear cells (24, 25) depleted for T cells by anti-CD2 and goat
anti-mouse antibodies conjugated to magnetic beads (Dyna-
beads, Dynal, Great Neck, NY). The non-T-cell fraction was
incubated in the presence of 10% filtered supernatant from the
EBV-producing cell line B95.8. An autologous EBV-
transformed B-cell line, KS.B, was kindly provided by S.
Jacobson (National Institutes of Health, Bethesda).

Cloning of Tax-Reactive Human CD8 T Cells. CD8 T cells
were isolated from mononuclear cells (kindly provided by S.
Jacobson) from an HLA-A2 positive patient with HAM/TSP
by negative selection. Mononuclear cells were incubated with
a cocktail of mononuclear antibodies against CD4 (OKT4),
y-8 TCR (TCR61, a generous gift of M. Brenner, Boston),
natural killer cells (NKH-1), and B cells (Bi) followed by goat
anti-mouse antibodies conjugated to magnetic beads. Nega-
tively selected cells, 95% CD8 T cells as determined by
immunofluorescent staining and flow cytometry analysis, were
initially stimulated with Tax(11-19)-pulsed autologous EBV-
transformed B cells and maintained in interleukin 2 (IL-2)-
conditioned medium for 4.5 weeks. Cell lines reactive to

Abbreviations: EBV, Epstein-Barr virus; HTLV-I, human T-cell
leukemia virus type I; HAM/TSP, HTLV-I-associated myelopathy/
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Tax(11-19) were single cell cloned with phytohemagglutinin
(PHA) under limiting dilution conditions (24). T-cell clones
were maintained by weekly restimulation with PHA and
y-irradiated mononuclear cells (24).
Primary Peptide Antigen Stimulation Assay. Synthetic tax

peptides (Bio-Synthesis, Lewisville, TX) were >93% pure as

determined by HPLC. To examine the CD8 T-cell response to
the various Tax analog peptides, autologous EBV-transformed
B cells (KS.B) were preincubated with peptide for 2 hr and
then washed twice. One hundred microliters (105 per ml) of
y-irradiated (5000 rad; 1 rad = 0.01 Gy) KS.B cells was added
to round-bottom 96-well plates (Costar) containing 100 ,ul of
T cells (106 per ml). The cells were incubated in medium
without IL-2 for 66 hr in the presence of 1 ,uCi of [3H]thymi-
dine per ml (1 Ci = 37 GBq) during the last 16 hr. Cells were
harvested on a Tomtec cell harvester and counted in a

betaplate counter (LKB, Wallac, 1205 Betaplate counter).
Results are indicated as mean values of triplicates ± SE.

Secondary Peptide Antigen Stimulation Assay. Primary
stimulation with peptide-pulsed KS.B cells was performed as
described above but in the presence of IL-2 for 3 days. Cells
were then washed and rested for another 4 days in complete
medium with IL-2. Secondary proliferation was performed as

described for the primary peptide antigen stimulation assay.

When tested for secondary IL-2-induced proliferation, 5 units
of recombinant IL-2 per ml (Boehringer Mannheim) was
added instead of peptide-pulsed KS.B cells.

Cytotoxic Assay. Cytotoxicity was measured by a 5'Cr-
release assay as described (25). Allogeneic or autologous
EBV-transformed B cells were used as target cells in effec-
tor:target ratios of 0.25, 2.5, and 25. Specific release of 51Cr was
calculated as described (25).

Protein Tyrosine Kinase Assay. In vitro kinase assay on
p56lck was performed as described (26). In brief, Tax-reactive
T cells (KS.2E11.7) were incubated with 10 ,uM peptide in the
presence or absence of antigen-presenting cells for the indi-
cated time, washed, and lysed in lysis buffer (1% Triton
X-100/20 mM Tris/150 mM NaCl, pH 8.0) for 25 min. Lysates
were precleared with a 10% Staphylococcus aureus cell sus-

pension (Pansorbin, Calbiochem) before immunoprecipitation
with anti-CD8 antibodies. After washing twice in lysis buffer,
an in vitro kinase reaction was performed on the immunopre-
cipitate by adding 32 ,lI of kinase buffer {Hepes, 7 mg/ml;
MgCl2, 0.75 mg/ml; MnCl2, 0.75 mg/ml (all from Sigma); and
0.6 mCi of [y-32P]ATP per ml (NEN)}. The reaction was

stopped after 10 min of incubation at room temperature by
adding 50 ,ul of 2x sample buffer. Samples were boiled and
separated by 10% SDS/PAGE.
HLA-A2 Binding Assay. Binding of peptides to HLA-A2 was

performed as described (27, 28). This assay is based on the
inhibition of a standard peptide to detergent-solubilized HLA-
A2.1 molecules. In brief, the standard peptide (FLPSDYF-
PSV) was iodinated to a specific activity of 4.5 x 105 Ci/mol
at the tyrosine residue using the chloramine-T method. This is
a TCR contact residue and iodination does not impair the
major histocompatibility complex binding of the standard
peptide (28). Approximately 5 nM of the standard peptide was
incubated for 2 days at room temperature with various con-
centrations of the test peptide (1 nM to 100 ,uM), 10 nM
HLA-A2.1 molecules, 1 mM phenylmethylsulfonyl fluoride,
1.3 mM 1,10-phenanthroline, 73 ,uM pepstatin A, 8 mM
EDTA, 200 ,uM Nc1-(p-tosyl)lysine chloromethyl ketone, and
0.05% Nonidet P-40. HLA-A2.1-bound radioactivity was de-
termined by gel filtration and the concentration yielding 50%
inhibition of the standard peptide was calculated (IC50) as well
as the test peptide/standard peptide binding ratio.

IL-2 ELISA. KS.2E11.7 was incubated with KS.B prepulsed
with the indicated peptide as described for thymidine incor-
poration assay. After 40 hr of incubation, supernatants were
collected and tested for the presence of IL-2 in an IL-2 ELISA

kit (Endogen, Cambridge, MA). Samples were tested in du-
plicates and the amount of IL-2 was calculated from a standard
curve and expressed in pg/ml. The sensitivity of the assay is 5
pg/ml according to the manufacturer.

RESULTS
Generation of Tax-Reactive CD8 T-Cell Clones. The Tax-

reactive T-cell clone KS.2E11.7 was established from a Tax-
reactive T-cell line by single cell cloning under limiting dilution
conditions (24). KS.2E11.7 was CD4-CD8+ as determined by
immunofluorescence and flow cytometry analysis and dis-
played specificity for the Tax(11-19) peptide. That is,
KS.2E11.7 was cytolytic for autologous or HLA-A2-restricted
allogeneic EBV-transformed B cells pulsed with 10 ,uM
Tax(11-19) peptide but failed to lyse Tax(11-19)-pulsed major
histocompatibility complex class I mismatched EBV-
transformed B cells or HLA-A2-restricted targets that were
not pulsed with the Tax(11-19) peptide (data not shown).
KS.2E11.7 did not transcribe the HTLV-I Tax/Rex mRNA as
determined by reverse transcription PCR but contained the
HTLV-I long terminal repeat sequence in genomic DNA,
suggesting that KS.2E11.7 was nonproductively infected by
HTLV-I (data not shown).
Alanine Substitution of the TCR Contact Residues of the

Immunodominant Tax(11-19) Peptide Does Not Affect Bind-
ing to HLA-A2. We designed Tax(11-19) peptide analogs
substituted in the TCR contact residues based on the structural
information from the crystallization of the Tax(11-19) peptide
in the groove of HLA-A2 (23). These data indicated that the
potential TCR contact residues are leucine in position 11
(ilL), tyrosine in position 15 (1SY), proline in position 16
(16P), and tyrosine in position 18 (18Y). Analog peptides with
alanine substitution of the TCR contact sites were tested for
in vitro binding to HLA-A2 by a quantitative assay based on the
inhibition of a radiolabeled standard peptide (FLPSDYFPSV)
to detergent-solubilized HLA-A2 molecules (27). As shown in
Table 1, the wild-type peptide and its analog peptides dis-
played good and virtually indistinguishable HLA-A2 binding
capacity, confirming that these substitutions did not impair
binding affinity. These peptides are thus expected to be
presented to the TCR with approximately the same efficiency.

Separation of Proliferation and Cytolytic Function of Hu-
man CD8 T Cells by a Single Amino Acid Substitution in the
Immunodominant Tax(11-19) Peptide. We next investigated
whether the Tax analog peptides allowed for separation of the
signals involved in clonal expansion and cytolytic function in
the Tax-reactive CD8 T cells. Fig. 1 shows the ability of
KS.2E11.7 to kill 51Cr-labeled autologous EBV-transformed B
cells (KS.B) prepulsed with Tax(11-19) or its analog peptides.
Surprisingly, presentation of Tax(15Y- A) stimulated the
cytolytic activity of the KS.2E11.7, although this peptide

Table 1. Alanine substitution of TCR contact residues in the
Tax(11-19) peptide does not affect binding to HLA-A2

HLA-A2 binding*

Peptide Sequencet Relative IC50, nM
Tax(11-19) LLFGYPVYV 1.3 3.8
Tax(11L--A) ALFGYPVYV 0.7 7.4
Tax(1SY-*A) LLFGAPVYV 0.6 8.6
Tax(16P- .A) LLFGYAVYV 1.1 4.5
Tax(18Y->A) LLFGYPVAV 1.1 4.5

*HLA-A2 binding was measured by a competitive assay based on the
inhibition of binding of a radiolabeled standard peptide (FLPSDY-
FPSV) to detergent-solubilized major histocompatibility complex
molecules. Results are expressed in relative binding (test peptide/
standard peptide ratio) and as the concentration needed for 50%
inhibition (IC50).

tAlanine substitutions are indicated in boldface type.
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FIG. 1. Induction of cytotoxicity in CD8 T cells by Tax analog
peptides. Percent specific lysis of 5tCr-labeled autologous EBV B cells
prepulsed with 33 ,uM Tax(11-19) peptide or alanine-substituted
analogs by a Tax(11-19)-specific T-cell clone (KS.2E11.7). A repre-
sentative of two independent experiments is shown. E:T, effector:tar-
get ratio.

analog was unable to trigger a proliferative response (Fig. 2).
In contrast, Tax(11-19) and Tax(11L-LA) induced a prolifer-
ative response and cytolytic function of KS.2E11.7, whereas
Tax(16P->A) and Tax(18Y-4A) were unable to trigger either
proliferation or cytolysis (Figs. 1 and 2). Although other
Tax-reactive T cells with different TCR sequences may re-
spond differently, these data definitively demonstrated that a
single amino acid change in an antigenic peptide allows for
differentiation of the signaling events in human CD8 T cells
leading to cytolysis and proliferation. Furthermore, three of
the four substitutions in the Tax(11-19) peptide (15Y-*A,
16P-*A, and 18Y->A) failed to induce clonal expansion of
KS.2E11.7 (Fig. 2). This may not be surprising, since amino
acid changes in an antigenic peptide normally lower the
affinity for the TCR (11).
The Tax(15Y->A) Analog Peptide Signals Through the

TCR. The analog peptide Tax(15Y->A) was able to induce
cytolysis but not proliferation, suggesting that this peptide
allowed separation of distinct pathways leading to cytolysis and
proliferation. Thus, we compared early and late signaling
events in KS.2E11.7 upon stimulation with Tax(11-19) or its
analog peptides. Given the potential importance of the protein
tyrosine kinase p561ck in antigen-specific activation of CD8 T
cells (7-10), we examined its state of activation after stimu-
lation with the wild-type Tax(11-19) peptide. In vitro auto-
phosphorylation kinase assays on p56lck coimmunoprecipi-
tated with CD8 were performed on KS.2E11.7 incubated with
KS.B in the presence of 10 ,uM Tax(11-19) peptide. As shown
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FIG. 3. Induction of protein tyrosine kinase p56Ick activation by
antigen-specific crosslinking of the TCR in human CD8 T cells. The
CD8 T-cell clone, KS.2E11.7 (8 x 106), and the autologous EBV B-cell
line, KS.B (106) were incubated for a total of 2 hr in the absence or
presence of 10 juM peptide for 30 min, 1 hr, and 2 hr, respectively. A
separate sample was stimulated with 50 ng of phorbol 12-myristate
13-acetate (PMA) per ml for 2 hr as a positive control. After incu-
bation the cells were lysed and immunoprecipitated with an anti-CD8
antibody. Protein tyrosine kinase activity was determined by an in vitro
autophosphorylation assay. The autoradiograph was exposed for 30
min at room temperature. Molecular masses are indicated in kDa.

in Fig. 3, unstimulated T cells (lane 1) displayed a band of 56
kDa corresponding to pS6lck. Upon stimulation with the phor-
bol ester, phorbol 12-myristate 13-acetate (50 ng/ml), a slower
migrating band appeared (lane S) indicative of activated p56 ck,
as has previously been reported (29). Importantly, however,
stimulation of KS.2E11.7 with the Tax(11-19) peptide resulted
in a retarded band of similar molecular mass (lanes 2-4),
demonstrating that antigen-specific activation of human CD8
T cells results in p56lck activation.
We subsequently determined whether the peptide analogs

were able to induce an early event in T-cell activation such as
protein tyrosine kinase p56Ick activity. As shown in Fig. 4,
Tax(11-19), Tax(11L-L A), and Tax(15Y->A) but not
Tax(16P->A) or Tax(18Y->A) activated tyrosine kinase ac-
tivity of CD8-associated pS6lck, providing definitive evidence
for signal transduction induced by Tax(15Y->A). In contrast,
presentation ofTax(15Y--A) was unable to induce a late event
such as IL-2 production (Fig. 5), as opposed to Tax(11-19) and
the Tax(11L-A) analog peptide. Thus, IL-2 production cor-
related with the ability to induce proliferation (compare Figs.
5 and 2), whereas the p56Ick activity correlated with the
cytolytic function (compare Figs. 4 and 1).

Induction of Unresponsiveness in Human CD8 T Cells.
Anergy in CD4 T cells may be induced by either lack of
appropriate costimulation during antigen recognition (30) or
stimulation with analog peptides (12). The requirements for
induction of anergy in human CD8 T cells are less studied. We
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FIG. 2. Induction of [3H]thymidine uptake in Tax-specific CD8 T
cells by Tax analog peptides. KS.2E11.7 was stimulated with y-irradi-
ated, autologous EBV B cells (KS.B) prepulsed with the indicated
peptides as in Fig. 1. Cells were incubated for 3 days and pulsed with
[3H]thymidine during the last 16 hr of incubation. Unpulsed KS.B did
not stimulate [3H]thymidine incorporation in KS.2E11.7 (110 cpm). A
representative of three independent experiments is shown ± SE.
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FIG. 4. Induction of early signaling events by Tax(15Y-*A) in CD8
T cells. Tax-reactive CD8 T cells, KS.2E11.7 (107), were incubated for
1 hr in the presence of 20 ,uM Tax(11-19), analog peptide, or no
peptide, as indicated. Cells were lysed, immunoprecipitated, and
assayed for in vitro kinase activity as in Fig. 3. The autoradiograph was
exposed for 20 min at room temperature.
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FIG. 5. Induction of IL-2 secretion by Tax analog peptides. Super-
natants from the Tax-reactive CD8 T-cell clone, KS.2E11.7, stimulated
for 40 hr with autologous EBV B cells (KS.B) pulsed with Tax(11-19)
peptide or analog peptides were tested for the presence of IL-2 by
ELISA. Supernatants from KS.2E11.7 alone or in the presence of
unpulsed KS.B and KS.B pulsed with Tax(11-19) without KS.2E11.7
were included as controls.

hypothesized that the partial stimulation by Tax(15Y->A)
might induce unresponsiveness to subsequent stimulation with
the wild-type Tax(11-19) peptide in analogy to the CD4 model.
To test this, we stimulated KS.2E11.7 with KS.B pulsed with
the various peptides for 3 days, rested KS.2E11.7 in IL-2-
conditioned medium for 4 days, and rechallenged them with a

secondary stimulation with recombinant IL-2 (rIL-2) or KS.B
pulsed with the various peptides, respectively. Table 2 shows
that all peptides that were able to induce p56lck activity also
induced unresponsiveness upon secondary stimulation. In
particular, primary stimulation with Tax(15Y--A), which was
unable to induce a proliferative response, rendered the
KS.2E11.7 clone unresponsive to secondary stimulation with
either Tax(11-19) or Tax(11L-LA). This was in contrast to
primary stimulation with no peptide, Tax(16P--A), or

Tax(18Y--A) that allowed a secondary response after stimu-
lation with Tax(11-19) or Tax(l1L-LA). Whereas the primary
stimulation with Tax(11-19) rendered KS.2E11.7 antigen un-

responsive, it did not alter the rIL-2-induced proliferation
(data not shown). Similarly, KS.2E11.7 T cells rendered un-

responsive by primary presentation of the Tax(15Y--A) pep-
tide were still responsive to rIL-2. Although the mechanisms
responsible for the unresponsiveness in this system have yet to
be elucidated, these data further demonstrate that stimulation
with the analog peptide Tax(15Y--A) has functional conse-

quences for the CD8 T-cell activation.

DISCUSSION
Here we demonstrate that a hierarchy exists in the TCR-
mediated signal transduction pathways, which allows antigen-
specific induction of cytolysis without proliferation. Peptide
analogs that activated the tyrosine kinase activity of p56lck
induced unresponsiveness to a secondary stimulation with the
wild-type peptide. Noticeably, the substituted peptide Tax-
(15Y->A) was unable to induce IL-2 secretion or proliferation

Table 3. Summary of the functional response of a Tax-reactive
CD8 T-cell clone to single amino acid substitutions in the TCR
contact residues of the peptide antigen

Tax peptide

Parameter Tax(11-19) 11L-*A 15Y-*A 16P->A 18Y-*A
[3H]Thymidine
uptake + + - - -

Cytotoxicity + + + - -
IL-2 secretion + +
p561ck activity + + +
Unresponsiveness + + +

but did induce p56lck tyrosine kinase activity and anergy in the
Tax-reactive CD8 T cells. These results are summarized in
Table 3.
The direct demonstration of antigen-specific activation of

p56Ick adds to the existing evidence implicating p56Ick as a
critical tyrosine kinase in the TCR signaling pathway. In
contrast to experiments with constitutively activated p56lck (31,
32), we did not observe IL-2 secretion after stimulation with
the Tax(15Y--A) peptide, although this peptide activated
p56Ick activity. This could potentially be explained by transient
activation of p56lck due to a negative-feedback mechanism that
may not be operative on the constitutively activated F505
mutant of p561ck (8).
The Tax analog peptides used in this study segregated into

three groups based on their effect on KS.2E11.7. The Tax(11L
--A) peptide behaved as the wild-type Tax(11-19) peptide and
induced cytolysis and proliferation. The Tax(11L-*A) peptide
induced slightly less thymidine incorporation than the wild-
type Tax(11-19) peptide in the experiment shown in Fig. 2 and
Table 2 and it is therefore possible that the 11L-LA substitu-
tion slightly reduced the affinity for the TCR. The peptides
Tax(16P-*A) and Tax(18Y--A) induced neither cytolysis nor
proliferation, and it is therefore possible that these peptides
were significantly impaired in their TCR binding. Finally, the
Tax(15Y->A) induced cytolysis but not proliferation. This
differential T-cell activation indicated that Tax(15Y->A)
failed to activate a pathway necessary for proliferation.
The analog peptides that were able to induce cytolysis and

p56Ick kinase activity also induced unresponsiveness or anergy
in the KS.2E11.7. That is, 7 days after primary antigen
stimulation with either the wild-type peptide or Tax(15Y->A),
KS.2E11.7 was still unresponsive to secondary TCR-mediated
antigen stimulation while remaining highly sensitive to IL-2
stimulation. This further demonstrated that the peptide
Tax(15Y--A) was able to induce a signal although it was
insufficient in triggering IL-2 secretion or a proliferative
response in KS.2E11.7. Unresponsiveness was also induced if
allogeneic HLA-A2-expressing EBV-transformed B cells were
used as antigen-presenting cells (APCs). These APCs also
expressed the restriction element for an MBP (peptide 84-
102)-specific CD4+ T-cell clone. However, in contrast to the
Tax-specific CD8 T cells, anergy was not induced in the CD4

Table 2. Induction of unresponsiveness in HTLV-I Tax-specific CD8 T cells

Secondary stimulation

Primary stimulation No peptide Tax(1-19) Tax(11L-LA) Tax(15Y--A) Tax(16P-*A) Tax(18Y--A)
No peptide 115 ± 5 19,774 ± 912 10,750 ± 725 409 ± 30 128 ± 14 112 ± 14
Tax(11-19) 118 ± 20 124 ± 13 141 ± 21 126 ± 24 135 ± 26 135 ± 26
Tax(IIL-L A) 118 ± 35 99 ± 20 69 ± 8 101 ± 7 105 ± 14 105 ± 14
Tax(1SY-+A) 116 ± 9 298 ± 60 119 ± 21 112 ± 16 125 ± 12 125 ± 12
Tax(16P--A) 90 ± 5 18,510 ± 500 11,149 ± 352 554 ± 34 95 ± 12 94 ± 5
Tax(18Y--A) 84 ± 8 22,952 ± 1376 13,602 ± 365 194 ± 13 94 ± 10 97 ± 9

The Tax-reactive CD8 T-cell clone KS.2E11.7 was stimulated with y-irradiated, peptide-pulsed autologous EBV-transformed B cells (KS.B) for
3 days (primary stimulation), rested in IL-2-conditioned medium for 4 days, and rechallenged with a secondary stimulation with KS.B pulsed with
the analog peptides, as indicated. Thymidine incorporation (cpm ± SE) was determined for the secondary stimulation.
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T cells under these conditions (P.H. and D.A.H., unpublished
data). When the secondary stimulation of anergic KS.2E11.7
was performed in the presence of IL-2 the T cells incorporated
thymidine, indicating that they were not programmed to
undergo cell death (P.H. and D.A.H., unpublished data).
Furthermore, stimulation of KS.2E11.7 with the Tax analog
peptides in the presence of IL-2 did not increase trypan blue
uptake when compared to KS.2E11.7 treated with IL-2 alone.
As a model of CD8 T-cell activation we used a defined viral

peptide that has been shown to be immunodominant in
HLA-A2 positive patients with HAM/TSP (5, 33). If clonal
expansion of Tax-reactive CD8 T cells is causally related to
disease development in HAM/TSP patients, identification of
peptides that are able to anergize these CD8 T cells may be of
therapeutic use.
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