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Abstract

Short-term culture of peripheral blood mononuclear cells
(PBMC) derived from patients with human T cell lympho-
tropic virus type I-associated myelopathy (HAM)/tropical
spastic paraparesis resulted in dominance by DR' activated
CD8' T cells. Variations in the T cell receptor (TCR) Vet
and VB chains in these cells were analyzed, and in all 10
patients examined, 2-3 V gene families were dominant in
both TCRVa and Vp. In five patients we examined, cul-
tured lymphocytes contained cytotoxic lymphocytes for
p40w (patients HAM2, 3, 7, and 8) or env protein (patient
HAM4) of human T lymphotropic virus type I. In patients
HAM2and HAM8, cultured lymphocytes contained a large
proportion of Vp8' CD8' and/or V/312' CD8' cells. The
sequence of VI38' and VP12+ cDNArevealed that they were
oligoclonal with identical or similar sequences in each pa-
tient. Elimination experiments with monoclonal antibodies
for TCRV,38 and V812 showed that they were CD8' cyto-
toxic T lymphocytes (CTL) for p4O0. In addition, flow cy-
tometry and sequencing analysis of uncultured PBMCre-
vealed that in HAM2, Vf88 CTL and their precursors ac-
count for 7%and VI312' CTL and their precursors account
for 18% of total CD8' cells. This indicates the presence of
two markedly expanded clones in vivo. No common domi-
nant TCRVa or Vfi were observed among 10 HAMpatients
analyzed. (J. Clin. Invest. 1994. 94:1830-1839.) Key words:
T cell receptor * VP gene * tax protein * cell-mediated cyto-
toxicity * polymerase chain reaction

Introduction

CD8' cytotoxic T lymphocytes (CTL)1 are widely accepted as
being the primary effectors against virus-infected cells. They
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1. Abbreviations used in this paper: CTL, cytotoxic T lymphocytes;
EB-B, EBV-transformed B cell line; HAM, HTLV-I-associated my-
elopathy; HTLV-I, human T cell lymphotropic virus type I; PE, phycoer-
ythrin; r, recombinant; RT-PCR, reverse transcription-polymerase chain
reaction; TCR, T cell receptor.

specifically recognize the peptides encoded by viral genomes
in the context of MHCclass I molecules, leading to the destruc-
tion of virus-infected cells. The virus-specific CTL precursor
frequencies in these viral infections have been quantitated by
limiting dilution assays, ranging from 2-100/106 peripheral
blood mononuclear cells (PBMC) in Epstein Barr virus (EBV),
varicella-zoster virus, and human cytomegalovirus (1-3). Rela-
tively higher frequencies of up to 488/106 PBMCwere observed
in human immunodeficiency virus type I depending upon the
target molecules and disease status (4).

The presence of virus-specific T cells and their precursors
has also been identified in individuals infected with human T
lymphotropic virus type I (HTLV-I), which is closely associated
with adult T cell leukemia (5-7) and HTLV-I-associated my-
elopathy/tropical spastic paraparesis (abbreviated as HAM
[HTLV-I-associated myelopathy] throughout this manuscript)
(8-1 1). In particular, in patients with HAM, dominant humoral
as well as cellular responses against HTLV-I were commonly
observed (12-14). In the recent report, HTLV-I-specific CTL
precursor frequencies in HAMpatients have ranged between
1/75-1/320 PBMC, 40-280-fold higher than those in asymp-
tomatic HTLV-I-infected individuals (15).

Here we report our analyses of the T cell receptor (TCR) V
gene and clonality of CD8' T cells derived from HAMpatients
cultured for a short term in the absence of exogenous antigen
stimulation. These CD8' cells are likely oligoclonal CTL spe-
cific for HTLV-I. The possible mechanism that results in the
dominance of virus-specific CTL clones is also discussed.

Methods

Cells and cell cultures. PBMCfrom HAMpatients and normal individu-
als were isolated from heparinized venous blood by Ficoll-Conray den-
sity gradient centrifugation and cultured in RPMI 1640 with 20% fetal
calf serum (FCS) and 400 IU/ml recombinant IL-2 (rIL-2) (Takeda
Pharmaceutical Co., Osaka, Japan). B lymphoblastoid cell lines (EB-B
cells) were established by the standard EBV transformation of
PBMC(16).

Antibodies. The mAbs were as follows: anti-CD4 mAb, OKT4; anti-
CD8mAb, OKT8; anti-CD3 mAb, OKT3 (American Type Culture Col-
lection, Rockville, MD); anti-MHC class H DRmAb, NL-12 (provided
by Dr. R. Ueda, Aichi Cancer Center Institute, Nagoya, Japan); R-
phycoerythrin (PE)-conjugated anti-human CD4 mAb, DAKO-CD4
(DAKOPATTS, Copenhagen, Denmark); R-PE-conjugated anti-hu-
man CD8 mAb, DAKO-CD8 (DAKOPATTS); anti-TCR Vfl5 mAb,
Diversi-T,/V5(a) and (b); anti-TCR V/36 mAb, Diversi-T/V6(a); anti-
TCR V/38 mAb, Diversi-T#WV8(a); anti-TCR V,612 mAb, Diversi-
Tf3V12(a) (all anti-TCR mAbs were purchased from T Cell Sciences,
Inc., Cambridge, MA).

RNA extraction, reverse transcription-polymerase chain reaction
(RT-PCR), and Southern blots. Total RNAwas prepared according to
Chomczynski and Sacchi (17). The cDNAs were synthesized with an
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Figure 1. The surface phenotype of cultured lymphocytes. PBMCderived from a normal individual or a patient (HAMI) were cultured for 2 wk,
then stained with the mAbs DAKO-CD4, DAKO-CD8, and NL-12 (DR). For NL-12, FITC-conjugated goat anti-mouse IgG was used as a second
antibody. Samples were analyzed on a FACSO, and the results are expressed as fluorescence intensity versus the number of cells.

5 -' 3' sequence

TTGCCCTGAGAGATGCCAGAG

GGTGAACAGTCAACAGOGAGA
ACAAGCATrACTGTACTCCTA
GGCCCrGAACArrCAGGA
GTCACrrlCTAGCCTGCTGA
AGGAGCCATTGTCCAGATAAA
GGAGAGAATIGAGCA=CATC
ATCTCAGAGCT1rGTrsATAATA
ACCCAGCTGCTGGAGCAGAGCCT
AGAAAGCAAGGACCAAGTGTT
CAGAAGGTAACTCAAGCGCAGACT
GC'rATGAGAACACTGCGT
GCAGCT CCTCACAAT
AGAACCTGACTGCCCAGGAA
CATCTCCATGGACTCATATGA
GACTATACTAACAGCATGT
AGGCTCAGITCAAGTGTCAG
AATK'"fA vA- _ArTr-'MA~~.

GATATCCAGAACCCTGACCCT

primer

VP 1
VP 2
VP 3
VP 4
Vp 5.1
Vp 5.2-3
VP 6.1-3
Vp 7
VP 8
Vp 9
VP10
VP 11
Vp 2
VP 13.1
VP 13.2
VP 14
VP 15
VP16
VP 17
VP 18
VP 19
VP20
3 'Cp

5' -- 3' sequence

GCACAACAGrOCCCTGhCTTroCAC
TCATCAACCA7CAAQCCTGhCCT

ACATA ICGAGTGrTrGTCATr
ATACTTCAGTG&GACAC&GAGAAAC
rYCCCTAACrATAOCTCTGAICG

AGCTAGQQATCCGTT
CCTGAATGCCCCAACAGCTCTC
ATrlACrrTAACMCAACGTTCCG
CCTAAATCTCCAGACAAAGCTCAC
CTCCAAAAACTCATCCTGTACCTI
TCAACAGTCTCCAGAATAAGGACG
AAAGGAGAAGTCTC.AGAT
CAAGGAGAAGTCCCCAAT
GGTGAGGOACAACTGCC
AOT~TGACAGGCACAGGCT
AAAGAGTCTAMACAGGATGAGTCC
CAGATAGTAAATGACTTTCAG
GATGACTCAGGAATGCCAAAGGAA
C CCCCAAGAACGCACCCTGC
AGAOGTOCCCCAGAATCTC
TrCTGATOGCTCAACAC

probe
CB 2 GAGGAC(CTCGAACkAGGTG7TCCCACrCGAG

VI;
0 *- I M
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Figure 2. Sequences of the TCRprimers used for PCR. A shows sequences of primers and probes. The primers used for PCRwere as previously
published (28, 29). The size of amplified Va bands with Va and 3'Ca or V,3 bands with VB and 3'C,3 primers ranged from 300 to 400 bp
(Va18 is 170 bp) or 170 to 220 bp, respectively. CA-2 and CB-2 were used as oligonucleotide probes that located within TCRCa or Co3 region

for Southern blotting after 32P-labeling. B shows ethidium bromide staining of the amplified products of cultured PBMCfrom a normal individual.
Products after 24 cycles of PCRwith the 5'Va and 3'Ca primers or the 5'V/3 and 3'CB primers were separated on a 12% acrylamide gel. The
right contains the molecular weight marker (AM), HaelII-digested pUC19 plasmid.
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Table I. Phenotypes of Cultured Lymphocytes from HAMPatients
and Normal Individuals

Percentage of positive cells

PBMCdonors CD4+ CD8+ DR+

HAMpatients
1 3 88 91
2 2 73 92
3 7 78 87
4 11 78 81
5 6 89 82
6 12 80 79
7 10 84 75
8 5 90 92
9 14 80 74

10 9 78 79

Normal individuals
1 52 40 23
2 38 41 24
3 48 40 20

PBMCfrom HAMpatients and normal individuals were cultured for 2 wk
in RPMI 1640 with 20% FCS and 400 IU/ml of rlL-2, and then were
stained with anti-CD4, anti-CD8, or anti-MHC class II DRmAb, followed
by FHTC-conjugated goat anti-mouse IgG. Samples were analyzed and the
percent value for each phenotype was calculated using a FACS®.

oligo-dT14 primer and PCR was performed as described (18, 19). A
combination of TCRVa or VJ3 primer as a 5'-primer and TCRCa or
C/3 primer as a 3'-primer was used (see Fig. 2). After 22 cycles of PCR,
all TCR Va and VP3 gene families were detectable in samples from
normal volunteers.

The amplified products separated by PAGEwere transferred onto
nylon filters (Gene Screen Plus; DuPont, Boston, MA). Prehybridization
and hybridization with oligonucleotide probes labeled with [32P]y-ATP
proceeded at 430C for 4 and 15 h, respectively, and the membrane was
exposed to an imaging plate (BAS-HI; Fuji Photo Film Co., Tokyo,
Japan) for 4 h. The radioactivity of specific bands was measured by the
Bio-Imaging Analyzer (BAS 2000; Fuji Photo Film Co.).

DNA sequencing. To sequence the TCR genes, after 26 cycles of
PCRusing Vf38 or Vf312 primers as 5'-primers and the C/3 3'-primer,
PCRproducts were cloned into pT7Blue(R)T-Vector (Novagen, Inc.,
Madison, WI). Cloned inserts were sequenced using the Taq Dye Primer
Cycle Sequencing kit (Applied Biosystems, Inc., Foster City, CA) with
the DNAsequencer (model 370A; Applied Biosystems, Inc.).

Preparation of autologous EB-B cells infected with recombinant
vaccinia viruses. HTLV-I genome was selectively expressed (20-23)
in the following recombinant vaccinia viruses: LO5-gag for expression
of p19, p24, and p15; LO5-env for expression of gp62, gp46, and gp2l;
LOS-40x for expression of p40; and LO5-HA- as a vector control.
Details of the HTLV-Vlvaccinia recombinants have been described else-
where (20-22). EB-B cells were infected with vaccinia recombinants
for 36-40 h, then the antigen expression was checked using mAbREY-
7(rat IgG) (24) for env protein, mAbATLV1 1 (a gift from Dr. R. Ueda)
for gag protein, and mAbLt4 (25) for p40w protein.

Cell-mediated cytotoxicity assay. The method has been described
previously (26). Cells labeled with Na25tCrO4 (1 X 104/100 pl) were
incubated with a serially diluted effector cell suspension (100 ,ul) in 96-
well round-bottomed plates for 4 h at 37°C in 5%CO2. The percentage
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Figure 3. Southern blot of the RT-PCR products of the
TCRVPI family. After 22 cycles of amplification, RT-
PCRproducts of TCRV/I families derived from cul-
tured PBMCof normal individuals and HAMpatients
were Southern blotted and then hybridized with the C/3

20 probe (CB-2). The results of a normal individual andfive HAMpatients are shown.
9
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Figure 4. The relative intensity of
bands of RT-PCR products of
TCR V,/ family. The intensity of
each band shown in Fig. 3 was

measured using a Bio-Imaging
Analyzer. The number of the rela-
tive intensity corresponds to
counts per minute in the Bio-Im-
aging Analyzer.

Table II. Nucleotide Sequences of TCRs Using V/38.1 and V/312.1 in Cultured PBMCfrom HAM2and HAM8

Number of
TCRVB clones Sequences

V N D N J C

HAM2

V/I8.1 10/10* VP 8.1 .... TGTGCCAGCATCCTAGGATGGGGG J/ 2.7 CP 2
. CysAlaSerIleLeuGlyTryGly

V/I12.1 10/10 VP 12.1 ... TGTGCCATCAGTGACTCAGGGGGC J/I 1. C/I 1
. CysAlalleSerAspSerGlyGly

HAM8

V/I8.1 5/12 VP 8.1 .... TGTGCCAGCAGTTGGGACATC J/1.3 C/ 1
. CysAlaSerSerTrpAspIle

4/12 VP 8.1 .... TGTGCCAGCAGTTTTGATATC J/ 1.3 C/ 1
. CysAlaSerSerPheAspnle

1/12 V/I 8.1 .... TGTGCCAGAAGTCCCGACATC J,/ 1.3 C/I 1
... CysAlaArgSerProAspIle

1/12 VP 8.1 .... TGTGCCAGGAGCGCGGACATC J/I 1.3 C/I 1
. CysA laArgSerAlaAspIle

1/12 V/I 8.1 .... TGTGCCAGCAGTTCTGGGTGGGGG J/I 2.1 C/I 2
... CysAlaSerSerSerGlyTrpGly

PBMCfrom HAM2and HAM8were cultured for 2 wk in RPMI 1640 with 20% FCS and 400 IU/ml of rIL-2, then total RNAwas prepared. TCRs
using VI8.1 and VI12.1 were amplified from cDNA by PCRwith V,/8.1 or V,/12.1 and C,6 primers. Multiple isolates from each cDNA were

randomly selected and sequenced. The sequences of V,/8.1, V,/12.1, JP, and C/I agreed with those reported previously (30, 31). * Number of
clones with sequences shown in the table/number of clones examined.
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Figure 5. The similarity of shifted TCRVie use in PBMCsequentially
obtained from the same HAMpatients. PBMCfrom three HAMpatients
were obtained on different occasions and RT-PCR was performed. The
intensity of the bands on the PCR-Southern blot was measured using
the Bio-Imaging Analyzer as shown in Fig. 4.

of specific lysis was calculated as follows: (a - b)/(c - b) x 100;
where a is counts per minute in the supernatant of target cells mixed
with effector cells; b is counts per minute in the supernatant of target
cells incubated alone; and c is counts per minute after lysing the target
cells with 1% of Nonidet P40. To determine the phenotype of HTLV-
I-specific CTL, elimination by panning using various mAbs was per-
formed. Effector cells were incubated with mAbs for TCRVf38, TCR
V,312, TCRV/36, CD4, CD8, or Lyt2.2 (murine CD8) independently
on ice for 60 min. After washing twice, cells were plated on dishes
coated with goat anti-mouse IgG (H + L) (Zymed Laboratories, Inc.,
South San Francisco, CA) at room temperature for 90 min according
to the method of Wysocki and Sato (27). After incubation, nonadherent
cells were collected and used as effector cells for the cell-mediated
cytotoxicity assay as described above.

Results

Clonal expansion of CD8+ cells in PBMCderived from HAM
patients. Short-term cultures (10-14 d) of PBMCderived from
HAMpatients in the presence of rIL-2 at 400 IU/ml resulted
in the dominance of CD8+DR' T cells in all 10 samples studied.
No CD8' T cell dominance was observed in PBMCderived
from normal volunteers and cultured under similar conditions.
An example is shown in Fig. 1, and a summary of analyses of
10 HAMpatients (HAMl-10) and 3 normal individuals is
shown in Table I.

(Err

0 10 20 30 40 50 60
Specific lysis (%)

Figure 6. Cytolytic activity of lymphocytes from HAMpatients re-
sponding to HTLV-I genome products. PBMCfrom five HAMpatients
(HAM2, 3, 4, 7, and 8) cultured for 2 wk were examined for the specific
lysis against 5"Cr-labeled autologous EB-B cells infected with HTLV-I
vaccinia recombinants, L05-HA-, LO5-gag, L05-env, or L05-40x as
described in Methods (designated as HA-, gag, env, and 40x, respec-
tively, in figure). Uninfected cells (EB-B) were also included as target
cells. Data are presented as percentage of specific lysis at E:T ratio
ranging from 6.25 to 12.5.

The TCR Va and VP genes of these CD8' T cells were
examined to see if dominantly growing CD8' T cells derived
from HAMpatients are composed of limited clones. The RNA
was prepared from lymphocytes cultured for 2 wk, and RT-
PCR was performed to amplify the TCR Va and VP gene
families using the primers listed in Fig. 2 (28, 29). After 22
PCR cycles, Southern blots were performed with the oligo
probes listed in Fig. 2. The radioactive intensity of the bands
in the Southern blots was also measured using the Bio-Imaging
Analyzer (BAS 2000; Fuji Photo Film Co.) for a more quantita-
tive evaluation. A very limited number of TCRV gene families
were detected in samples derived from HAMpatients, although
in cultured normal lymphocytes all or most TCRV gene fami-
lies were constantly detectable. Examples of Southern blots are
shown in Figs. 3 and 4. Similar results were also obtained in
all 10 HAMpatients examined for both Vj3 and Va genes.

Repeated experiments with samples taken on different occa-
sions from the same patients showed essentially similar results
(Fig. 5). This indicates that the dominance of a limited number
of V gene families in cultured lymphocytes is predetermined in
each patient rather than due to artificial variations among culture
conditions.

Presence of CTL against HTLV-I genome products in short-
term cultured PBMCderived from HAMpatients. Weexamined
whether cultured lymphocytes of HAMpatients were reactive
with HTLV-I genome products. Autologous EB-B cell lines
derived from HAMpatients were infected with recombinant
vaccinia viruses to selectively express HTLV-I gag, env, and
pX (p40') genes. As shown in Fig. 6, lymphocytes derived
from four HAMpatients (HAM2, 3, 7, and 8) were specifically
cytotoxic against p40-expressing cells and those derived from
HAM4were cytotoxic against env-expressing cells.

Dominant CD8' T cells are CTLfor HTLV-I genome prod-
ucts. In patients HAM2and HAM8, V,68 and/or V,612 were
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Table III. Nucleotide Sequences of TCRs Using V/38.1 and Vf312.1 in Uncultured PBMCfrom HAM2and HAM8

Number of
TCRV,6 clones Sequences

V N D N J C

HAM2

VP8.1 10/15* VP 8.1 .... TGTGCCAGCATCCTAGGATGGGGGG JP 2.7 Cf32
2/15 VP 8.1 .... TGTGCCAGCAGTTTGGGTTGGGG JP 2.3 CP3 2
1/15 VP 8.1 .... TGTGCCAGAATACAAGGACAGGGAA J/o 1.1 C3 1
1/15 VP 8.1 .... TGTGCCAGGATACAAGGACAGGGAA Jo3 1.1 co3 1
1/15 VP 8.1 .... TGTGCCAGCAGTTTAGGATGGCC JP 2.3 Cfl 2

V,612.1 13/15 VP 12.1 .... TGTGCCATCAGTGACTCAGGGGGCAT Jo3 1.1 co3 1
1/15 VP 12.1 .... TCCGCCAGCAGTCGCCTTTGGGGCAGGA J6 1.6 Cp 1
1/15 VP 12.1 .... TCCGCCAGCAGTGGAGTCGACGG Jfi 2.7 C32

HAM8

V/8.1 1/10 VP 8.1 .... TGTGCCAGCAGTTGGGACATC J# 1.3 Cp 1
1/10 VP 8.1 .... TGTGCCAGCAGCTTJCTGGGGATAC Jo 2.2 C/3 2
1/10 VP 8.1 .... TGTGCCAGAAGTTCGGCAGGGGGCATT JP 2.7 C/3 2
1/10 VP 8.1 .... TGTGCCAGGAGTTTATTACAGCCCCCC JP 2.7 C/3 2
1/10 VP 8.1 .... TGTGCCAGCATGGCCGGACTGTTAAAC JP 2.1 C/ 2
1/10 VB8.1 .... TGTGCCAGCAGTTCACGGACAGGTTTG J/3 1.2 CB1
1/10 VP 8.1 .... TGTGCCAGCAGTCTCGGGTGGGGAGAT J/3 2.1 C,/ 2
1/10 VP3 8.1 .... TGTGCCAGAAGTCTCGGGTGGGGAGAT JB2.1 C/3 2
1/10 VB8.1 .... TGTGCCAGGAGTCCAGGACACTCCGGTGGAGGC Jo3 1.1 Co3 1
1/10 V/3 8.1 .... TGTACCAGCAGTATCAGAAGGGGAGAG JB1.5 C/l 1

Total RNAwas prepared from uncultured PBMCfrom HAM2and HAM8. TCRs using V/38.1 and V,612.1 were amplified from cDNA by PCR
with Vl8.1 or VB12.1 and CB primers. Multiple isolates from each cDNA were randomly selected and sequenced. The sequences of V/#8.1,
VP312.1, JP3, and C,/ agreed with those reported previously (30, 31). * Number of clones with sequences shown in the table/number of clones
examined.

dominant according to RT-PCR (V/38 and V,612 in HAM2and
V,68 in HAM8). Since mAbs for TCRV,68 and TCRVP312 were
available, we subsequently analyzed these patients in detail.
Fig. 7 shows that VB8+ and/or V612' T cells were dominant
according to flow cytometry analysis with these mAbs, which
agreed with the results of the RT-PCR. The relevance of V#8'
and/or VP/12' T cells to p4O0-specific CTL was then examined.
Lymphocytes treated with mAbfor Vf8, V,612, CD4, and CD8
were eliminated by panning, and the residual CTL activities
against p40w-expressing cells were examined. As shown in Fig.
8, cells of HAM2pretreated with the mAbs for V/38 or V#12
had significantly reduced CTL activities, and those pretreated
with a combination of anti-V,68 and anti-V,612 mAbs, or anti-
CD8mAb, virtually lost all CTL activities. In the similar experi-
ment with HAM8lymphocytes, cells pretreated either with anti-
VB8 mAb or with anti-CD8 mAb virtually lost CTL activity
for p40-expressing cells. These results indicate that V38'
CD8+ and V/#12' CD8+ T cells in HAM2and VB8+ CD8+ T
cells in HAM8are CTL for p40w-expressing cells.

Clonality of CD8+ CTL for HTLV-I genome products. The
clonality of VB8+ and/or Vf12' cells in cultured HAM2or
HAM8lymphocytes was more precisely analyzed by sequenc-
ing V,68' cDNA and V,612' cDNA. In HAM2, in both V,68'
cDNA and V,612' cDNA, 10 out of 10 randomly selected
cDNAclones had identical sequences in each group. In HAM8,

11 out of 12 Vf38' cDNAclones shared very similar sequences.
5 out of 12 clones shared an identical sequence and another 4
clones displayed another sequence. These two sequences are
different only in one amino acid. The remaining two cDNA
clones are different from these sequences only in two amino
acids (shown in Table H). Taken together, these results indicate
oligoclonal characteristics of dominant CD8+ T cells.

Presence of clonal expansion of CD8+ CTL clones in uncul-
tured PBMCof HAM2. Wefollowed the kinetics of the propor-
tion of V38' or V312' cells after initiating cultured lympho-
cytes (Fig. 9). The numbers of both V/88 CD8+ and V/12'
CD8+ cells were much higher than those of normal individuals
(ranging from 0.5 to 3.5%) in uncultured PBMCderived from
HAM2. V/8' cells accounted for 10% of the total CD8+ T
cells, and the proportion of V,612+ cells reached 21% of total
CD8+ cells. The ratio increased further with the associated in-
crease of IL-2Ra expression, but not IL-2RB, during in vitro
incubation of HAM2PBMC(data not shown). In HAM8, VB8+
CD8+ T cells accounted for 3% in uncultured PBMCwith no

significant increase. Randomly selected VB8+ or V,612' cDNA
clones derived from uncultured PBMCof HAM2and HAM8
were sequenced. In HAM2, the sequences of 10 out of 15 VB8+
cDNAand 13 out of 15 VP12' cDNAwere identical with those
of the corresponding cDNAdetermined in cultured lymphocytes
(Tables II and Ill). This indicates that about 7 and 18% of the
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PBMCof HAM

Dominant TCRV
families

HAMpatient HLA V,6 Va

1 A2 A29 B51 BW54CW1 2, 10 2, 3
DR4 DR9

2 A24 A26 B51 BW61CW3 7, 8, 12 15
DRW6DR9

3 A24 A31 B51 BW60CW3 3, 7 15
DRI DRW6

4 A24 B7 BW60CW3CW7 3, 4, 6 3,17
DRI DRW6

5 A26 A30 B51 4, 6, 9, 20 3,12
DRI DR4

6 A24A31B51B7CW7 18 1,2
DRI DRW12

7 A24 AW33B44 BW54CW1 16, 17 2, 3
DRW6DRW8

8 A30 AW33B44 B51 3,8,17 6, 7
DRI DRW6

10 A2 A24(9) BW54(W22) BW60(40) 1, 6, 14 12, 14
CW1CW3DR4 DRW1(5)

PBMCfrom nine HAMpatients were cultured for 2 wk in RPMI 1640
with 20% FCS and 400 IU/ml of rIL-2, and the total RNAand cDNA
were prepared. 22 PCRcycles were performed using TCRVa S'-primers
and the Ca 3'-primer or TCRV,/ S'-primers and the C/I 3'-primer,
then PCRproducts were separated on an acrylamide gel and stained
with ethidium bromide. The expression of TCRV families was consid-
ered dominant when a PCRband was clearly visualized after ethidium
bromide staining.

total CD8+ T cells are CTL clones and their precursors with
Vf68 and VB12, respectively. On the other hand, all of 10 ran-
domly picked up V/8' cDNAin HAM8were mutually differ-
ent; only one clone was identical with the five clones found in
cultured lymphocytes as described before (Tables II and III).

Absence of common dominant V gene families in cultured
HAMlymphocytes. Since dominant V gene families in cultured
lymphocytes derived from HAMpatients likely represent those
of TCRon CTL against HTLV-I genome products, the usage
of TCRgenes in 10 patients was examined to determine whether
there is any commonV gene usage. The dominance of TCRV
gene usage in these patients was also analyzed with respect
to the patients' HLA haplotypes. No particular tendency was
observed in either analysis (Table IV).

Discussion

The presence of CD8+ CTL for HTLV-I+ cells in PBMCde-
rived from HAMhas been repeatedly reported (32-35). These
CTL are often directed to p4O0 though CTL, for other genome
products such as env and pol have also been detected. Similar
CTL have been found, though with somewhat weaker activity,
in PBMCderived from asymptomatic HTLV-I carriers. The
short-term cultivation of these PBMCwith no exogenous anti-
gen stimulation often results in enhanced CTL activity. This
evidence indicates that the immune system in HTLV-I-infected

hosts is constantly exposed to stimulation by HTLV-I genome
products.

Along with the above reported evidences, results of this
study indicate that CD8' T cells reactive for HTLV-I genome
products become dominant during a short-term in vitro cultiva-
tion. CD4' T cells infected with HTLV-I probably express
HTLV-I genomes during cultivation, and CD8' T cells presensi-
tized in vivo with their genome products continuously expand
in culture as a consequence of exposure to the cognate antigens.
HTLV-I-infected CD8' T cells are known to express viral
genome products including p40 shortly after initiation of cul-
ture. Infected CD4' T cells are therefore activated via a potent
trans-activation of p40w (36-38). These infected CD4' T cells
may function as potent antigen-presenting cells by presenting
both target peptides derived from HTLV-I genome products and
accessory signals including various cytokines whose production
was promoted by the trans-activation of p40. Cellular immune
reactions for viral peptides in HTLV-I-infected individuals
might be therefore unique among various viruses.

The striking finding was that the peripheral blood of HAM2
contained an extraordinarily high proportion of two CTL clones
and their precursors for p40. V08' CD8' T and V,312+ CD8'
T cells constituted 10 and 21%of the total CD8' T cells, respec-
tively, and 67% of V/I8' (10 out of 15 cDNA clones) and
87% of V,612' cells (13 out of 15 cDNA clones) were p4O0
specific CTL clones and their precursors. HAM2constantly
presents white blood cell counts in peripheral blood ranging
from 3,600/cmm to 3,900/cmm, with lymphocyte counts rang-
ing from 1,500/cmm to 2,000/cmm, and therefore the relative
increase of these two clones was not due to lymphopenia. The
absence of integration of viral genomes in short-term cultured
CD8+ T cells of HAM2(data not shown) denies the possible
clonal expansion of two clones as a consequence of transforma-
tion by HTLV-I.

A somewhat similar finding has been reported by MacDon-
ald et al. (39). DBA/2 mice developed CTL clones reactive with
HLA-CW3transfected into syngeneic P815 tumor cells, which
revealed a striking conservation of the TCRstructure with V,/ 10
and Ja pHDS58 segments. In a primary response to HLA-
CW3-transfected P815, a dramatic expansion of V/I10+ CD8+
CTL occurred in various lymphoid organs, reaching 65% in
peripheral blood lymphocytes. These CTL presented restricted
Va domains, a dominant Ja segment, and a conserved CDR3
length for both a and ,3 chains in a majority of responding cells.
Our results, along with these findings in mice, indicate that T
cell immune responses to certain antigens may reach a range
far beyond expectation as a consequence of the extremely high
efficiency of clonal expansion.

A relatively high viral load of HAMpatients, when com-
pared with asymptomatic healthy carriers, has been reported by
Yoshida et al. (40) and by us (41). It has been also pointed out
that HAMpatients may be classified as high responders in terms
of immune responses for HTLV-I as well as other antigens.
Whether a high immune response for HTLV-I in HAMpatients
is relevant to disease pathogenesis remains an open question.
Since there is little evidence on viral integration in the nervous
system, the possibility that HTLV-I-specific CTL directly at-
tack the spinal cord might be limited unless cross-reactive pep-
tides are expressed. The elimination of cells infected with vi-
ruses by means of T cell immunity is conceivable for a variety
of viruses. Eradicating cancer cells by enhancing T cell immu-
nity is also becoming more realistic since genes coding peptides
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Table IV. Dominant TCR V Genes in Cultured
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mAbs and then with FITC-conjugated goat anti-mouse IgG. The results were expressed as fluorescence intensity versus the number of cells. (C
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anti-CD4-PE or anti-CD8-PE were used as indicated.
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Figure 8. The cytolytic activity of cultured lymphocytes
from HAM2and HAM8is dependent on V38' CD8' or
Vf12' CD8' cells. (A and D) Surface expression of TCR
Vf36, V#8, V/312 on cultured PBMCfrom HAM2(A) and
HAM8(D). PBMCwere cultured for 2 wk and stained with
anti-TCR Vfi6-FITC, anti-TCR Vf38-FITC, or anti-TCR
VP312-FITC mAbs. (B) Cultured PBMCfrom HAM2were
eliminated by panning using anti-TCR Vf38 (a), anti-TCR
Vl12 (b), anti-TCR V,68 and anti-TCR V312 (c and d),
or anti-TCR Vf6 (e-g) as a negative control and then
stained with anti-TCR V#-FITC mAbs as indicated in each
histogram, to confirm the elimination of cells with each
phenotype. The results were expressed as fluorescence in-
tensity versus the number of cells. (C) After elimination,
remaining CTL activity against autologous EB-B cells in-
fected with the HTLV-I vaccinia recombinant, L05-40x,
was examined. Data are presented as percentage of specific
lysis at E:T ratio (3.75:1). (E) Cultured PBMCfrom HAM8
were eliminated by panning using anti-TCR V/38 (a) or
anti-TCR V/312 (b and c) as a negative control and then
stained with indicated mAbs. (F) After elimination, re-
maining CTL activity against HTLV-I p40 was examined
(E:T ratio, 10:1).
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for human melanoma-specific CTL have been defined (42, 43).
The manipulation of immune systems with appropriate antigens
and other signals may generate the clonal expansion of such
CTL to the magnitude reported here and may eventually elimi-
nate virally infected as well as cancer cells.
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