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Human T cell lymphotropic virus type 1 (HTLV-1)-specific CTL are thought to be immune effectors that reduce the risk of adult
T cell leukemia (ATL). However, in vivo conditions of anti-HTLV-1 CTL before and after ATL development have yet to be
determined. To characterize anti-HTLV-1 CTL in asymptomatic HTLV-1 carriers (AC) and ATL patients, we analyzed the
frequency and diversity of HTLV-1-specific CD8* T cells in PBMC of 35 AC and 32 ATL patients using 16 distinct epitopes of
HTLV-1 Tax or Env/HLA tetramers along with intracellular cytolytic effector molecules (IFN-+v, perforin, and granzyme B).
Overall frequency of subjects possessing Tax-specific CD8* T cells was significantly lower in ATL than AC (53 vs 90%; p = 0.001),
whereas the difference in Env-specific CD8" T cells was not statistically significant. AC possessed Tax,, ;o/HLA-A*0201-specific
tetramer ™ cells by 90% and Taxsy,_300/HHLA-A*2402-specific tetramer™ cells by 92%. Some AC recognized more than one epitope.
In contrast, ATL recognized only Tax,, ,, with HLA-A*0201 and Tax,,; 390 with HLA-A*2402 at frequencies of 30 and 55%.
There were also significant differences in percentage of cells binding Tax,,_,,/HLA-A*0201 and Tax;y;_340/HLA-A*2402 tetramers
between AC and ATL. Anti-HTLV-1 Tax CD8* T cells in AC and ATL produced IFN-v in response to Tax. In contrast, perforin
and granzyme B expression in anti-HTLV-1 CD8* T cells of ATL was significant lower than that of AC. Frequency of Tax-specific
CD8* T cells in AC was related to proviral load in HLA-A*0201. These results suggest that decreased frequency, diversity, and

function of anti-HTLV-1 Tax CD8" T cell clones may be one of the risks of ATL development.

177: 5718-5726.

dult T cell leukemia (ATL)? is caused by infection with
human T cell lymphotropic virus type 1 (HTLV-1) (1-

3), a retrovirus infecting ~10~15 million people world-

wide, in southern Japan, the Caribbean basin, South America,
Melanesia, and equatorial Africa (4). More than 800 cases of ATL
are diagnosed each year in Japan (5). Although there has been
recent progress in chemotherapy for ATL, with the LSG15 proto-
col showing an overall 5-year survival rate of 17.5% (6), the prog-
nosis of ATL is still poor. The recent report of successful, sus-
tained complete remission of ATL by hemopoietic stem cell

*Division of Host Response, Center for Chronic Viral Diseases, Graduate School of
Medical and Dental Sciences, Kagoshima University; TInternational Island and Com-
munity Medicine, Graduate School of Medical and Dental Sciences, Kagoshima Uni-
versity; *Department of Hematology and Immunology, Kagoshima University Hos-

pital, and *Department of Molecular Oncology, Graduate School of Medical and
Dental Sciences, Kagoshima University, Kagoshima, Japan; and "Medical and Bio-
logical Laboratories, Co., Ltd, Nagoya, Japan

Received for publication April 19, 2006. Accepted for publication July 28, 2006.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

! This study was supported in part by Grants-in-Aid for Scientific Research on Pri-
ority Area for Cancer Research (122198232 and 12218104) from the Ministary of
Education, Culture, Sports, Science, and Technology of Japan.

2 Address comespondence and reprint requests to Dr. Naomichi Arima, Division of
Host Response, Center for Chronic Viral Diseases, Graduate School of Medical and
Dental Sciences, Kagoshima University, 8-35-1 Sakuragaoka, Kagoshima 890-8544,
Japan. E-mail address: nao @m2.kufm.kagoshima-u.ac.jp

3 Abbreviations used in this paper: ATL, adult T cell leukemia; HTLV-1, human T
cell lymphotropic virus type 1; AC, asymptomatic HTLV-1 carrier; 7-AAD, 7-amino-
actinomycin D.

Copyright © 2006 by The American Association of Immunologists, Inc.

The Journal of Immunology, 2006,

transplantation led to the hypothesis that immunocompetency re-
constructed by stem cell transplantation may regenerate cytotoxic
immune effectors against HTLV-1-tranformed T cell and related
tumor Ags, and then induce a graft-vs-leukemia reaction in ATL
patients (7, 8).

HTLV-1-specific CTL plays an important role in suppressing
proliferation of HTLV-1-infected or -transformed T cells in vitro
(9-12) and thus may prevent development of ATL (13, 14). Be-
cause ATL develops in ~2% of people infected with HTLV-1
after a long latent period (15), it is possible that CTL fails in only
a fraction of HTLV-1 carriers with a specific immunogenetic back-
ground (16-18). Previously, we identified HTLV-1 Tax epitopes
recognized by HLA class I molecules using PMBC of asymptom-
atic HTLV-1 carriers (AC) in vitro and reported that the frequen-
cies of HLA alleles lacking epitope anchor motifs, HLA-A*26,
HLA-B*4002, HL-B*4006, and HLA-B*4801, were higher in
ATL patients than in AC. These findings suggested that insufficient
generation of CTL allowed outgrowth of HTLV-1-transformed
cells in the host (19). Indeed, ATL patients produced anti-Tax
CD8™ T cell in short-term cultivation, although their IFN-vy pro-
duction was insufficient (14). These findings suggested a key role
of anti-HTLV-1 Tax CTL in prevention of ATL leukemogenesis.

The chromium-51 (*'Cr) release assay and the calcein ace-
toxymethyl fluorescence assay are the most widely used methods
for estimating CD8% CTL (19-23). However, these assays are not
suitable for mass screening of clinical samples because they are
time-consuming. In addition, these assays do not reflect the in vivo
status because they require short-term culture. Infected or leuke-
mic cells easily produce HTLV-1 Tax protein as rapidly as within -
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a few hours in culture (12, 24-26). Flow cytometric assay with
HLA tetramers in combination with intracellular IFN-vy, perforin,
and granzyme B, which play important and diverse roles in con-
trolling many viral infections (27, 28), is useful because of its
simplicity, specificity, and sensitivity in detection of Ag-specific
CTL in PMBC in vivo or in vitro (29-31).

In the present study, we developed 14 HTLV-1/HLA tetramers
to detect anti-HTLV-1 CD8* CTL clones. To characterize the in
vivo status of anti-HTLV-1 CD8% CTL in AC and ATL patients,
we analyzed clonal frequency, diversity, and function of anti-
HTLV-1 CD8* CTL in freshly isolated PBMC by examining the
16 distinct HTLV-1/HLA tetramers with HLA-A*0201 and HLA-
A*2402 in combination with functional CTL assay for intracellular
molecules relevant to cytolytic effector function. We found that
frequency, diversity, and function of HTLV-1-specific CD8+
cell are significantly reduced in ATL.

Materials and Methods
Subjects

The study subjects included 35 AC (22-82 years old; mean, 60.0; male:
femnale, 15:20) and 32 ATL (27-85 years old; mean, 61.2; male:female,
14:18), all of whom were recruited from Kagoshima University Hospital
located in southemn Kyushu, Japan. All subjects came to the hospital for
examination of HTLV-1 infection and clinical checkup. They were exam-
ined by standard serological testing for HTLV-1 and hematological exam-
inations for ATL. Those patients positive for HTLV-1 serology but with no
clinical symptoms of ATL (32) or other HTLV-1-related diseases (33)
were designated as AC. Diagnosis of ATL was made according to Shi-
moyama’s criteria (32). We tested PBMC of all ATL patients before treat-
ment. All subjects were inhabitants of Kagoshima prefecture, southern Ky-
- ushu, Japan, where ATL is endemic. All subjects signed an informed
consent to participate in the present study and to allow review of their
medical records, and gave a sample of peripheral blood for HLA typing and
HIA tetramer assay. The study protocol was reviewed and approved by the
Medical Ethical Committee of Kagoshima University. By HLA typing,
88% of the HTLV-1-infected subjects (AC and ATL combined) were
shown to have HLA-A*02 or HLA-A*24. HLA allele types were repre-
sentative of the population of Southern Kyushu (34). Of the 35 AC, 10 had
HLA-A*0201, 24 had HLA-A*2402, 3 had both alleles in heterozygous
combination, and 4 included as negative controls had neither HLA-A*0201
nor HLA-A*2402. Of the 32 ATL patients, 10 had HLA-A*0201, 22 had
- HLLA-A*2402, 4 had both alleles in heterozygous combination, and 4 in-
cluded as negative controls had neither HLA-A*0201 nor HLA-A*2402.

Preparation of PBMC

PBMC were obtained from peripheral blood by separating on Ficoll
Hypaque (Amersham Biosciences) density gradient centrifugation at
400 X g for 30 min, followed by washing three times with 1% FCS RPMI
1640 at 200 X g centrifugation for 10 min to remove residual platelets. The
fresh PBMC were used for tetramer assay and in vitro expansion of anti-
HTLV-1 CD8™ CTL. The remaining PBMC -were cryopreserved in liquid
nitrogen until examination as described previously (35). )

HLA vyping of PBMC

Subjects positive for HLA-A*02 and A*24 were screened by serological
staining with mAbs for HLA-A*02 supertype (clone BB7.2) and HLA-
A*24 supertype (clone 17A10) (Medical and Biological Laboratories), fol-
lowed by secondary staining with goat anti-mouse IgG-FITC (Immuno-
tech) according the manufacturer’s instruction and subjected to flow
cytometry on a FACScan (BD Biosciences). HLA allele types were deter-
mined by the PCR-sequence-specific oligonucleotide probes protocols with
the Luminex 100 xMAP flow cytometry dual-laser system method using
high m.w. DNA isolated from the cryopreserved PBMC as described
(G&G Science) (36). Briefly, amplification was as follows: target DNA
was PCR-amplified using 5’-biotin-labeled primers that are highly specific
to certain sequences of HLA genes. Hybridization was as follows: after
denaturation at 95°C, amplified DNA was allowed to hybridize to com-
plementary DNA probes coupled to microbeads. Streptavidin-PE reaction
was as follows: the hybridized PCR product on the oligobeads was labeled
with streptavidin-PE. Measurement was as follows: Luminex apparatus
identified the fluorescent intensity of PE on each coded oligobead that has
hybridized with the biotin-labeled PCR .product. Genosearch typing soft-
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ware (G&G Science) assisted in determining the HLA genotype (alleles) of
the sample DNA.

Preparation of HTLV-1 Tax, Env/HLA tetramers

A total of 16 distinct HTLV-1/HLA tetramers were used in the present’
study (Table I). We originally developed 14 distinct PE-conjugated HLA-
A*0201 and HLA-A*2402 tetramers for four Tax and three Env peptides.
These Tax and Env peptides were selected based on our own published
data of CTL epitope mapping for HTLV-1 Tax and Env peptides in vitro
(19). Two additional HTLV-1/HLA tetramers for Tax peptides were pur-
chased from Beckman Coulter. We and Beckman Coulter developed tet-
ramers by the same procedure. HLA tetramers were produced as described
previously (37, 38). Briefly, recombinant ,-microglobulin and the extra-
cellular portion of the HLA class I H chain containing the BirA recognition
sequence in frame at its C terminus were expressed in Escherichia coli as
insoluble aggregates that formed inclusion bodies. Purified inclusion bod-
ies were solubilized in urea, and monomeric peptide-HLA class I com-
plexes were refolded around peptides by dilution denaturing conditions.
After buffer exchange, a specific lysine residue in the H chain C-terminal
tag was biotinylated with the BirA enzyme. Monomeric complexes were
purified by monomeric avidin gel chromatography (Pierce). Tetrameric ar-
rays of biotinylated peptide-HLA class I complexes were formed by the
addition of PE-labeled streptavidin (Prozyme) at a molar ratio of 4:1. The
purity of each 16 HLA tetramer was tested by HPLC and its binding affinity
was evaluated from the BIMAS score at Medical and Biological
Laboratories.

Detection of anti-HTLV-1 CD8™" T cells in PBMC using
tetramer

The procedure was slightly changed from Haanen et al. (39) and Skinner
et al. (40). We used Alexa Fluor 488-labeled anti-CD8 mAbs and Alexa
Fluor 647-labeled mouse-anti-PE mAbs following PE-labeled HTLV-1/
HLA tetramer because these dyes provide resistance to photobleaching.
Briefly, the PBMC were incubated with PE-labeled HTLV-1/HLA tetramer
(20 pg/ml) with normal goat serum for 50 min at 4°C in the dark. The
PBMC were washed with PBS, and then incubated with Alexa Fluor 488-
labeled anti-CD8 mAbs (6 pg/ml; Caltag Laboratories) and Alexa Fluor
647-labeled mouse-anti-PE mAbs (20 pg/ml; Sigma-Aldrich), which was
produced using Alexa Fluor 647 mAbs Labeling kit (Molecular Probes)
according to the manufacturer’s manuals, for 50 min at 4°C in the dark.
Finally, the PBMC were washed three times, and then mounted to slides
with 10 ul of ProLong Gold (Molecular Probes). Stained PBMC were
visualized using an OYMPAS IX81 confocal microscope.

HTLV-1 Tax, Env/HLA tetramer assay

Aliquots of 1 X 108 freshly isolated PBMC or cultured cells were incu-
bated with the HTLV-1/HLA tetramers with each of the 16 distinct
HTLV-1 Tax or Env peptides for 45 min at 4°C, followed by staining with
FITC-conjugated murine anti-human CD8 mAbs (Beckman Coulter) and
anti-CD45-PerCP (BD Biosciences) for 45 min at 4°C according to the
manufacturer’s instructions (Medical and Biological Laboratories). Ali-
quots of 1 X 10% fresh CD45-positive lymphocytes were performed using

Table I. HTLV-1 Tax, Env/HLA tetramers®

Tetramers HLA Allele HTLV-1 Peptide Epitopes

T A*0201 Tax;,_0 LLFGYPVYV
Ti123 A*0201 Tax,a3_y33 TLGQHLPTL
T155 A*0201 Tax,ss.163 YLYQLSPPI
T178 A*0201 Tax s 186 QLGAFLTNV
T307 A*0201 Taxsg7_3)5 LLFEEYTNT
El175 A*0201 Env,95_183 FLNTEPSQL
E239 A*0201 EnVasg 247 VLYSPNVSV
E442 A*0201 Envas_sso ALQTGITLV
T12 A*2402 Tax ;50 LFGYPVYVF
T187 A*2402 Tax;g7_105 PYKRIEELL
T289 A*2402 Tax,gg_207 SFLLSHGLI
T301 A*2402 Taxsg,_300 SFHSLHLLF
T311 A*2402 Taxs);_310 EYTNIPISL
Ell A*2402 Env,,_1e FFQFCPLIF
E21 A*2402 Env,,_5 DYSPSCCTL
E153 A*2402 Env,s3 161 HFSKCGFPF

“HLA binding peptide anchor motifs are shown in bold.
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FIGURE 1. Ex vivo detection of anti-HTLV-1 CD8* T céll. Freshly
isolated PBMC were stained with FITC-labeled anti-CD8 mAbs (A) and
Alexa 647-labeled anti-PE mAbs in combination with PE-labeled HTLV-
1/HLA tetramer (B). C, Colored overlay of A and B.

FACScan (BD Biosciences) (41) and analyzed with FlowJo software (Tree
Star) (28). In the cultured PBMC samples, apoptotic or necrotic cells in the
cultures were stained with 7-amino-actinomycin D (7-AAD; Beckman
Coulter) (42), and the 7-AAD-positive cells were excluded by FACScan
analysis. HIV/HLA tetramer (Medical and Biological Laboratories) for
negative and CMV/HLA tetramer (Beckman Coulter) were also stained.

Real-time PCR quantification of HTLV-1 proviral load in PBMC

DNA was extracted from 1 X 10° cells of PBMC using SMI TEST EX-
R&D (G&G Science). The HTLV-1 proviral load in PBMC was assayed in
64 of 67 subjects by methods of quantitative PCR using a Light Cycler
System (Roche Diagnostics) by intraassay using a series of duplicate mea-
surements of 12 test samples with standard DNA of four different dilutions
for each assay as described previously (43). In brief, the duplicate intraas-
say for HTLV-1 provirus load in PBMC was run by simultaneous mea-
surements of B-globin DNA and HTLV-1 DNA using the standard DNA,
B-globin DNA from Roche Diagnostics, and HTLV-1 provirus DNA from
MT-2 cells. One PBMC has two copies of B-globin gene (equivalent to 6
pg of B-globin DNA) and one MT-2 cell has eight copies of HTLV-1
provirus DNA (equivalent to 6 pg of HTLV-1 in DNA). The 3-globin PCR
primer and probe sets were commercial kits (Roche Diagnostics). The
HTLV-1 primer set corresponded to the highly conserved HTLV-1 pX
region, SK43 and SK44. The HTLV-1 pX probe set was designed by our-
selves for the two adjacent parts of the pX region, which were labeled with
different fluorophores according to the manufacturer’s instructions. The
HTLV-1 provirus load was expressed as number of copies per 10° cells
using the following formula: HTLV-1 provirus load = ((HTLV-1 pX copy
number)/(3-globin copy number/2)) X 10 The detection limit of this
method was 0.2 copies of HTLV-1 provirus/10° cells.

S$sC

FIGURE 2. Variety of anti-HTLV-1 CD8*
T cells in fresh PBMC. A, Tetramer*CD8* T
cells were estimated in CD45* T lympho-

REDUCTION OF HTLV-1-SPECIFIC CTL IN ATL PATIENTS

Induction of HTLV-1 Tax, Env-specific CTL

Aliquots of PBMC (1 X 10 cells) were used for in vitro expansion of
CD8™* CTL clones in cultures with 2 X 107 M of distinct HTLV-1 Tax
and Env peptides in RPMI 1640 medium supplemented with the following
reagents: 100 U/ml penicillin, 0.1 mg/m! streptomycin, 0.1 mM nonessen-
tial amino acids, 2 mM L-glutamine, 1 mM sodium pyruvate, 0.05 mM
2-ME, 50 U/ml recombinant human IL-2, and 10% heat-inactivated FCS

- (RPMI 1640-CM). All culture conditions were the same as described else-

where (41). The cultured PBMC were examined using the HTLV-1/HLA
tetramer assay described above.

Intracellular IFN-v, perforin, and granzyme B assay

PBMC (1 X 10°) for IFN-v analysis were cultured for 16 h with or without
0.02 uM HTLV-1 Tax peptide in combination with brefeldin A (BD Bio-
sciences) in RPMI 1640-CM. Harvested cells for [FN-y and freshly iso-
lated PBMC for perforin and granzyme B were labeled with HTLV-1/
HLA-tetramer-PE and anti-CD8-allophycocyanin Ab (BD Biosciences) for -
cell surface Ags (44). The cells were further treated with Permeabilizing
Solution (BD Biosciences) for 10 min. After washing with buffer contain-
ing 0.1% saponin, the cells were incubated with anti-human IFN-y-FITC,
perforin-FITC, or granzyme B-FITC Ab (BD Biosciences) in buffer con-
taining saponin. Fastimmune Control y2aFITC/y1PE was stained as neg-
ative control (BD Biosciences). Aliquots of 1 X 10* CD8"* T lymphocytes
were performed using FACSCalibur (BD Biosciences) and analyzed with
FlowJo software.

CDI107a mobilization assay

PBMC (1 X 10) were cultured for 6 h with or without 0.02 uM HTLV-1
Tax peptide in combination with anti-CD1072 mAbs-FITC (Southemn Bio-
tech) and the secretion inhibitor monensin (BD Biosciences) in RPMI
1640-CM (45, 46). Following incubation, cell suspensions were washed
with cold PBS. The cells were further stained with tetramer-PE and anti-
CD8 mAb-PE-Cy5 (Beckman Coulter) as described above. Aliquots of
1 X 10* CD8* T lymphocytes were performed using FACSCalibur (BD
Biosciences) and analyzed with FlowJo software.

Statistical analysis

Differences in HTLV-1-specific CD8* T cell frequency between AC and
ATL patients were evaluated by x? test or exact test. The Mann-Whitney
U test was used to compare the percentages of cells binding tetramer™ or
tetramer " intracellular cytokine™ in CD8" lymphocytes between subjects
with AC and ATL, between the proviral load of Tax-tetramer positive AC

cyte region (R1). We observed HIV-
tetramer *CD8™* T cells as negative control.
B, Fresh PBMC isolated from AC were

stained with eight distinct HTLV-1/HLA-
A*2402-tetramers (T12, T187, T289, T301,
T311, E11, E21, and E153). Numbers in the
upper right quadrants represent the percent- y
ages of tetramer*CD8* T cells in CD8* r

Tetramer

CD45* T lymphocytes (R2/R2+R3).
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Table Il. Frequencies of HTLV-1-specific tetramer binding cells in
PBMC of AC and ATL patients

Positive Epitopes Detected by
HTLV-1/HLA Tetramers“

HLA Allele Tetramers AC (%) ATL (%)
A*0201 Til 90 (9/10)* 30 (3/10)*
A*0201 T123 0 (0/10) 0(0/10)
A*0201 T153 0 (0/10) 0(0/10)
A*0201 ‘T178 10 (1/10) 0(0/10)
A*0201 T307 10 (1/10) 0(0/10)
A*0201 El75 0 (0/10) 0(0/10)
A*0201 E239 0 (0/10) 0(0/10)
A*0201 E442 0 (0/10) 0 (0/10)
A*2402 TI12 17 (4/24) 0(0/22)
A*2402 T187 13 (3124) 0(0/22)
A*2402 T289 0(0724) 0(0/22)
A*2402 T301 92 (22124) 55 (1222)*
A*2402 T311 0 (0724) 0(0722).
A*2402 Ell 4(1/24) 0(0/22) .
A*2402 E21 4(124) 0(0/22)
A*2402 El153 8 (2124) 0(0/22)

Tax CTL positives 24 (40/170) 9 (15/160)**
Env CTL positives 4 (4/102) 0 (0/96)
Total CTL positives 16 (44/272) 6 (15/256)**

2 The percentages of HTLV-1/HLA tetramer*CD8™* T cells in the CD8*CD45*
T lymphocytes that are =0.1% are counted as positives, whereas those 0-0.09% are
counted as negatives.

® Epitopes detected by HTLV-1/HLA tetramers/aumber of tetramers tested. Eight
tetramers were used for testing in subjects camrying either HLA-A*0201 or HLA-
A*2402, whereas those carrying both HLA-A*0201 and HLA-A*2402 were tested
with 16 tetramers.

*, p < 0.01; ** p < 0.001, significant differences between AC and ATL by x* test.

and negative AC. Statistical significance was two-sided at a of 0.05. Val-
ues of p were corrected for multiple comparisons using StatView software
version 5.0 (SAS Institute).

Results
Specificity and sensitivity of HTLV-1/HLA tetramer assay for
anti-HTLV-1 CD8™ T cells

The feasibility of the developed HTLV-1/HLA tetramer assay was
tested by detection of anti-HTLV-1 CD8* T cells in freshly iso-
lated PBMC from 35 AC and 32 ATL patients. As shown in Figs.
1-4, anti-HTLV-1 CD8™ T cells were detected. We could visually
detect anti-HTLV-1 CD8" T cells in combination staining with
tetramer and CD8 using confocal microscopy (Fig. 1). For speci-
ficity test, we observed HIV-tetramer*CD8™ cells (R2; Fig. 2A) as
negative control in CD8*CD45* T lymphocytes (R2+R3; Fig.
2A) (mean, 0.04; SD, 0.05; 95% confidential interval, 0.06). We
also observed 0-0.02% tetramer "CD8™* cells in CD8*CD45™ T
lymphocytes of negative control subjects who had neither HLA-
A*0201 nor HLA-A*2402. These HLA tetramers could detect anti-
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HTLV-1CD8" T cells possessing HLA-A*0201 or HLA-A*2402
in circulating PBMC. ‘

Fig. 2 shows representative data of anti-HTLV-1 CD8* T cells
in AC possessing HLLA-A*2402. Tetramer*CD8* cells were es-
timated in CD45% T lymphocytes (R1). This subject showed a
wide spectrum of HLA tetramer staining with CD8" T cells rang-
ing from 0.01 to 3.72% (R2/R2+R3) in which >0.1% of the pos-
itive staining showed a definitely clustered pattern of CD8" T cells
(Fig. 28, T12, T187, T301, and E11), but the subject with <0.1%
staining did not show the clustered pattern of CD8™ T cells. Based
‘on negative control, we adopted a tentative cut-off point of 0.1%
for the HTLV-1/HLA tetramer assay, which was the lower limit of
tetramer staining with the HLA-compatible CD8" T cells. Four
samples of AC were positive (Fig. 2B, T12, T187, T301, and E11)
and the other four were negative (Fig. 2B, T289, T311, E21, and
E153) using this cut-off point.

Fréquency of anti-HTLV-1 CD8* T cells in PBMC of AC and
ATL patients

We assessed a total of 59 subjects consisting of 31 AC patients and
28 ATL patients using eight epitope-specific tetramers per subject
possessing HLA-A*0201 or HLA-A*2402. In the case of subjects
possessing both HLA alleles (three AC and four ATL), epitope-
specific CD8™ T cells were analyzed using 16 distinct tetramers
per subject.

Frequency of HTLV-1/HLA tetramer positivity varied by
HTLV-1 epitope and HLA allele in AC: 90% in Tax,,_,o with
HLA-A*0201, 92% in Taxsq,_300 With HLA-A*2402, and 4-17%
in other combinations of Tax,, 59, Tax;7_185» TaX,g7_19s,
Tax3g7_3,5. ENV,_10, Envyy 5o, and Env 4, ;6 with respective
HLA alleles (Table II). In contrast, ATL recognized only Tax;,_;
with HLA-A*0201 and Tax;q,_300 With HLA-A*2402 at frequen-
cies of 30 and 55%, respectively. Among the individual HTLV-1/
HLA tetramers, two (Tax,_jo, p = 0.0042; and Tax;4; 300, p =
0.0031; Table II) were significantly more frequent in AC than
ATL. Among AC, 24% of Tax epitopes were positive, whereas
significantly fewer epitopes were positive among ATL (9%, p =
0.0004; Table II). In contrast, Env epitopes were not statistically
significant.

Frequency of subjects detected anti-HTLV-1 CD8* T cells in
ATL (15 of 28; 54%) was significantly lower than that in AC (29
of 31; 94%; p = 0.0003). In particular, the frequency of subjects
possessing Tax-specific CD8* T cells in ATL (15 of 28; 54%) was
significantly lower than that in AC (28 of 31; 90%; p = 0.001), but
differences in frequency possessing Env-specific CD8* T cells
were not significant (Table III). '

With regard to Tax,,_,o-specific tetramer binding cells in indi-
vidual subjects with HLA-A*0201, the frequency of percentage of
CD8% T cells binding Tax,,_,o/HLA-A*0201 tetramer in

Table I. Summary of HTLV-1-specific tetramer and HTLV-1 proviral load in AC and ATL patients

AC ATL
Subjects positive for Tax tetramer® 28 (n = 31) 15 (n = 28)*
Subjects positive for Env tetramer® 4(n=31) 0(n=128)

Tax,,_,o tetramer™ CD8* T cells®
Taxsg,_300 tetramer® CD8* T cells®
HTLV-1 proviral load

091 =037 (n = 10)
246 £ 0.71 (n = 24)

0.74 £ 0.49 (n = 10)**
0.21 £ 0.05 (n = 22)*

654 = 74(n =35 10954 £194.1(n=29)

“ The number of subjects positive for tetramers; the percentages of HTLV-1/HLA tetramer® CD8* T cells in the CD8™
CD45* T lymphocytes =0.1% are counted as subjects positives for tetramer.
®The Tax-specific tetramer-positive CD8™ T cells in the CD8* CD45* T lymphocytes is shown as the mean * SE

percentage.

€ The HTLV-1 proviral load is shown as the *SE copies/10° PBMC.

* p < 0.0001; **, p < 0.05.
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Table IV. Relationship between HTLV-1 proviral load and HTLV-1{
Tax-specific CD8* T cell

HTLV-1 Tax-Specific CD8* T Cell

Tax,y_jo Tetramer* Taxsp_3g9 Tetramer

Positive
(n=227°

Positive

(n=29"
Proviral load® 38.1 *13.8 748 £80 72494 535% 116

“The HTLV-1 proviral load is shown as the mean * SE copies/10> PBMC.

® The percentages of HTLV-1/HLA tetramer* CD8* T cells in the CD8* CD45™*
T lymphocytes that are 20.1% are counted as positives.

*, p < 0.05, significant differences between positive group and negative group by
Mann-Whitney U test.

Negative
(n=13)

Negative
(n = 26)

CD8*CD45* T lymphocytes ranged from 0.03 to 3.77% in AC
and 0 to 4.43% in ATL patients. There were significant differences
in percentage of cells binding Tax,,_,o/HLA-A*0201 tetramer be-
tween AC and ATL (p = 0.037; Table III) as well as the frequen-
cies of epitopes found on anti-HTLV-1 CD8* T cells mentioned
above. There were also significant differences in percentage of
CD8* T cells binding CMV/HLA-A*0201 tetramer in CD8%/
CD45 T lymphocytes between AC and ATL (p = 0.028). With
" regard to the ratio of Taxso,_30-specific CD8* T cells in individ-
ual subjects with HLA-A*2402, the frequency of percentage of
CD8™" T cells binding Tax;g,_300/HLA-A*2402 tetramer in CD8/
CD45" T lymphocytes ranged from 0 to 15.6% in AC and 0 to
0.79% in ATL patients. There was a significant difference in the
ratio of cells binding Tax;q,_30¢/HLA-A*2402 tetramer between
AC and ATL (p < 0.0001; Table III) as well as the frequencies of
epitopes. .

HTLV-1 proviral load in AC and ATL patients

The proviral load of AC and ATL patients ranged from 4.6 to
225.8 and from 44.3 to 2838.3 (copies/10°> PBMC) (Table III),
respectively. Because the ATL patients should contain leukemic
cells, we assessed the proviral load of only AC in terms of the
relationship with Tax-specific tetramer™ cells. The proviral load of
Tax,,_,o tetramer-positive AC was significantly lower than that of
Tax,,_,o tetramer-negative AC (mean * SE, 38.1 * 13.8 vs
74.8 + 8.0; p = 0.043; Table IV). These findings are consistent
with Bangham’s report (47) and suggest that Tax,,_,o CTL works
as a strong down-regulator of the proviral load. In contrast, with
regard to Taxso;_3q0 tetramer, there was no significant difference
between the proviral load of Taxsg,_30s tetramer-positive AC and
negative AC (mean * SE, 72.4 = 9.4 vs 53.5 * 11.6; Table IV).
The reason why the proviral load of Tax;q,_10s tetramer-positive
AC was lower than that of negative AC can be explained by the
negative group containing many Tax,,_,o tetramer-positive AC (7
of 13). Therefore, we omitted HLA-A*02-positive (including
HLA-A*0201 and HLA-A*0206) subjects in analysis of
Taxsg,_300 tetramer. Under this condition, the proviral load of
Taxsp, 309 tetramer-positive AC and negative AC was 74.3 = 10.1
(n = 18) and 97.6 * 11.5 (n = 5), respectively (p = 0.09).

Expansion of anti-HTLV-1 CD8™ T cells by in vitro cultivation

Thirty of 67 subjects (18 AC and 12 ATL patients) were cultured
for further analysis of anti-HTLV-1 €D8* T cells in vitro. The
cultured cells were morphologically activated T cells and clustered in
colony formation. We observed increases in the numbers of positive
cells corresponding to Tax,,_;4 in ATL patient and AC (Fig. 3, A and
B). Two specificities of HTLV-1 Tax-specific CD8* T cells for
Taxygo_sos and Taxs,,_s;¢ with HLA-A*2402 were newly identified
in the cultured PBMC from AC but not from ATL patients (Fig. 3).

REDUCTION OF HTLV-1-SPECIFIC CTL IN ATL PATIENTS

Diversity of anti-HTLV-1 CD8™ T cells in PBMC of AC and
ATL patients

Anti-HTLV-1 CD8* T cells in AC recognized 2 wide spectrum
of Tax and Env epitopes, HLA-A*0201-restricted Tax,_;o,
Tax,7g3_106 TaX3g7_315, and HLA-A*2402-restricted Tax;;_,o,
Taxygo 207,  TaX301.309 TaX3ii_3190  ENVyys
Env,, 59, and Env,s3 ¢/, in vivo or in vitro. In contrast, anti-
HTLV-1 CD8* T cells in ATL patients recognized only two
epitopes (Tax;,_,o with HLA-A*0201 and Taxjy;_sg With
HLA-A*2402). The number of epitope repertoires found on anti-
HTLV-1 CD8* T cells in ATL patients was considerably lower
than that in AC (2 of 18 and 11 of 18; p < 0.05) as shown in Table
III and Fig. 3.
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FIGURE 3. In vitro expansion of anti-HTLV-1 CD8"* T cells. Freshly
isolated PBMC were stained with Tax,,_,o (A and B), Tax,;5_j34 (O),
Tax,ge_z97 (D), and Taxy;,_3,5 (E) tetramers, respectively, shown in the left
panels. Following cultivation with 2 X 107% M of each epitope peptide for
14 (A and B), 31 (C), 46 (D), and 22 (£) days, these cells were stained with
the respective tetramers, indicated in the right panels. Samples of C and D
were restimulated after 14 days. Numbers in the upper right quadrants
represent the percentages of tetramer*CD8* T cells in 7-AAD-negative
CD8™* T lymphocytes. We observed increases in number of positive cells
corresponding to peptides.
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Intracellular IFN-v produced in response to HTLV-1 Tax
peptide, and expression of perforin and granzyme B

Representative results regarding intracellular cytokines are shown
in Fig. 4. Intracellular cytokine “tetramer™ cell were estimated in
CD8* T lymphocytes (R4). None of anti-HTLV-1 CD8* T cells
produced IFN-v in short-term culture without Tax peptide (Fig.
4B, left). IFN-v production in AC increased from 0 to 52% in the
tetramer™ CD8™ T cells (R6/R5+R6) after Tax peptide stimulation
(Fig. 4B, upper quadrants of AC, 0/(5.8 + 0) vs 1.1/(1.0 + 1.1)).
Similarly, that in ATL patient increased from 0 to 40% in the
tetramer*CD8™ T cells after Tax peptide stimulation (Fig. 28,
upper quadrants of ATL, 0/(1.0 + 0) vs 0.4/(0.6 + 0.4)). Intra-
cellular IFN-+y production was also detected in PBMC of all sub-
jects examined (5 of both AC and ATL patients; average ratios of
positive cells were 21.8 and 13.1%, respectively). Thus, produc-
tion of IFN-+y demonstrated that the tetramer*CD8™ T cells in AC
and ATL patients are functional CD8* T cells targeting HTLV-1
Tax epitopes. Tax peptide stimulation caused decrease of
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tetramer *CD8* T cell. After peptide stimulation, CD8*7-AAD™
cells were increased more than untreated culture. Expression of the
degranulation marker CD107a, which allows measurement of cy-
tolytic cell activation (28, 45, 46), was significantly increased in
tetramer "CD8™* lymphocytes treated with the peptide (Fig. 4C).
These findings suggest that the tetramer*CD8™ cells were de-
creased as a result of cytotoxicity.

Intracellular perforin and granzyme B were detected in HTLV-1
Tax tetramer"CD8" T lymphocytes of all subjects examined (10
of both AC and ATL patients, respectively; representative data are
shown in Fig. 4, D and E). AC subject had 57% (R6/R5+R6) of
perforin™ cells and 40% of granzyme B™ cells in HTLV-1 Tax
tetramer "CD8* T lymphocytes (shown in upper column of Fig. 4,
D and E, respectively), whereas ATL subject had 30% of perforin™
cells and 36% of granzyme B™ cells (shown in upper column of
Fig. 4, D and E, respectively). ‘

Interestingly, notable insufficiency of perforin (Fig. 5A) and
granzyme B (Fig. 5B) expression in HTLV-1 Tax tetramer™CD8™
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FIGURE 4. Intracellular production of IFN-y, CD107a mobilization, and expression of perforin and granzyme B in HTLV-1-specific CD8* T lym-
phocytes. A, Intracellular cytokine *tetramer™ cell were estimated in CD8* T lymphocytes (R4). The right panel, which was extended in the R4 region,
showed negative control for surface and intracellular immunofluorescence. B, Intracellular [FN-y production in anti-HTLV-1 CD8" T cells are shown on
the top (AC) and botrom (ATL), respectively. The left panel showed untreated condition, whereas the right panel showed <0.02 uM peptide concentration.
Increases of IFN-vy were observed cormesponding to peptide pulsing in AC and ATL patient. Numbers indicate the percentages in CD8* T lymphocytes.
Figure shows one representative result of [FN-y production in five of both AC and ATL patients. C, CD107a mobilization in anti-HTLV-1 CD8* T cells
are shown on the top (AC) and botiom (ATL), respectively. The left panel showed untreated condition, whereas the right panel showed <0.02 uM peptide
concentration. Increases of CD107a"tetramer™ cells were observed corresponding to peptide pulsing in AC and ATL patient. Figure shows one repre-
sentative result of CD107a mobilization assay in three of both AC and ATL patients, respectively. D, Intracellular perforin expression in tetramer *CD8*
T cells are shown on the top (AC) and bottom (ATL), respectively. The left panel showed anti-HTLV-1 Tax CD8" T cells, whereas the right panel showed
anti-CMV CD8" T cells. Figure shows 1 representative result of.granzyme B expression in 10 of both AC and ATL patients, respectively. E, Intracellular
granzyme B expression in tetramer*CD8* T cells are shown on the top (AC) and bottom (ATL), respectively. The left panel showed anti-HTLV-1 Tax
CD8™* T cells, whereas the right panel showed anti-CMV CD8* T cells. Figure shows 1 representative result of granzyme B expression in 10 of both AC
and ATL patients, respectively.
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FIGURE 5. Differential expression of perforin and granzyme B in anti-
HTLV-1 and anti-CMV CD8" T lymphocytes between AC and ATL. 4,
Expression of perforin in CD8*, HTLV-1 Tax tetramer*CD8*, and CMV
tetramer*CD8™* T lymphocytes (mean of 10 independent experiments). B,
Expression of granzyme B in CD8%, HTLV-1 Tax tetramer*CD8" and
CMV  tetramer*CD8* T lymphocytes (mean of 10 independent
experiments). :

T lymphocytes were observed in ATL in comparison with AC, but
not in CMV tetramer "CD8" T lymphocytes. Regarding perforin,
expression in anti-Tax CTL of ATL were significantly lower than
AC (average ratios of positive cells were 21.7 and 48.2%, respec-
tively; p = 0.034), but not in CD8% T lymphocytes. Regarding
granzyme B, expression in anti-Tax CTL of ATL were also sig-
nificantly lower than AC (average ratios of positive cells were 52.5
and 77.6%, respectively; p = 0.018), but not in CD8" T
lymphocytes.

In addition, expression of perforin and granzyme B in HTLV-1
Tax tetramer"CD8" T lymphocytes were diminished in compar-
ison with those in CMV tetramer"CD8™ T lymphocytes in both
AC (anti-HTLV-1 vs anti-CMV with perforin and granzyme B;
p = 0.039 and p = 0.049, respectively) and ATL (anti-HTLV-1 vs
anti-CMV with perforin and granzyme B; p = 0.034 and p =
0.002, respectively). ‘

Discussion

HTLV-1-specific CTL are thought to be important immune effec-
tors that suppress the outgrowth of HTLV-1-transformed T cell
and thus reduce the risk of ATL development (9-14, 21). To con-
firm the correlation between a deficiency of anti-HTLV-1 CTL and
increased risk of ATL, we compared the frequency of anti-
HTLV-1 CTL and diversity of epitope in freshly isolated PBMC
from AC and ATL patients using the tetramers. Our results dem-
onstrated that the frequency and diversity of anti-HTLV-1 Tax
CD8™* T cells in ATL patients was significantly reduced compared
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with those in AC. These observations suggest that the lower fre-
quency and diversity of anti-Tax CD8* T cells is risk for ATL
development. A recent report demonstrated insufficient expression
of HTLV-1 Tax ia vivo in ATL patients and suspected a role of
Tax-specific CTL for therapy or prevention of ATL (48). How-
ever, other researchers, as well as our group, demonstrated clear
expression of HTLV-1 Tax in short-term cultures of fresh ATL
cells (24-26). It is likely that cell-to-cell interactions in short-term
culture mimic the cellular interactions in lymphoid tissues in vivo.
Therefore, it is possible that ATL cells in lymphoid tissues produce
HTLV-1 Tax protein. In fact, Marin et al. (49) recently demon-
strated HTLV-1 Tax expression by immunohistochemistry in lym-
phoid tissues in ATL patients. Regarding AC, Hanon et al. (12)
also demonstrated HTLV-1 Tax expression in cultured PBMC
from HTLV-1-infected carriers. Although direct evidence that in-
fected cells in lymphoid tissue produce HTLV-1 Tax in vivo has
not been reported, it is likely that the cells produce Tax protein
similar to primary ATL cells. A few previous studies that demon-
strated CTL activity stimulated by Tax peptide have been reported
(14, 50). However they did not indicate quantitative anti-Tax
CD8™ T cells. The present studies examined directly for anti-Tax
CD8™ T cells in vivo of AC and ATL patients by tetramer assay
for quantitative analysis.

We identified 11 of 16 distinct clones of anti-HTLV-1 CD8* T
cells in the PBMC of AC and 2 clones of CD8" T cells in ATL
patients (Table III and Fig. 3). The CD8" T cells for Tax,,_,, and
Taxap;_300 Were commonly detected in AC and ATL patients car-
rying HLA-A*0201 or HLA-A*2402, although the detection rate
in ATL. patients was much lower than that in AC. Therefore,
Tax,;_,o and Taxsq,_j00 Were thought to be the major epitopes
for Tax-specific CD8™ T cell in both AC and ATL patients. In fact,
Taxsg,_300 Was found to be the immunodominant epitope for
anti-Tax CTL generated in ATL patients with HLA-A*2402 who
underwent allogeneic hemopoietic stem cell transplantation (20).
Nine other epitopes, Tax,4_5q, TaX;75_186 18X 157-105, TaX259_207
Taxsp0 315 Taxsi1 319, Envyy_ g, BNV, oo, and Envyss gy, were
likely to be minor epitopes for generation of anti-HTLV-1 CD8" -
T cells. It is possible that even minor epitopes have significant
immune function in vivo, although we have no direct evidence.

In the present study, we showed that anti-Tax CD8* T cells are
significantly more abundant in patients with AC compared with
ATL patients, but anti-Env is not in both HLA phenotypes. These
findings suggest strongly that anti-Tax CD8% T cells are more
significant for prevention of the development of ATL than anti-
Env CD8™ T cells. High levels of Tax-specific CD8* T cells are
advantageous for suppression of outgrowth of HTLV-1-infected or
-transformed T cell and thus reduce the risk of ATL (9-14, 21).
The present study demonstrated that the Tax,,_;o-specific
tetramer "CD8” T cells works as a strong down-regulator of the
proviral load (47). The Tax;o,_300-specific tetramer™CD8™ T cells
show the tendency of decreasing the viral load. This interpretation
is supported by the results of our previous study in which risk of
ATL was shown to be associated with the number of HLA anchor
motifs that recognized HTLV-1 Tax epitopes but not HTL V-1 Env
epitopes (19). If deficient anti-Tax CD8™* T cells are responsible
for the development of ATL, AC with low frequency or diversity
of anti-Tax CD8" T cells may belong to a group at high risk of
developing ATL. Further follow-up studies are needed to clarify
the significance of anti-Tax CD8"* T cells for prevention of this
disease.

ATL patients usually show immune dysfunction, and this may
explain the lower frequency of CTL in these subjects. In fact,
dysfunction of cellular immunity has been reported since the
discovery of this disease (32). Therefore, the low frequency of
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anti-Tax CTL may be just one of the general immune dysfunctions
present in ATL patients. Conversely, the low frequency of anti-
HTLV-1 CTL may be an Ag-specific phenomenon, and not rep-
resentative of whole immune dysfunction. Our observation of low
anti-Tax CD8" T cells frequency despite high numbers of CD8*
cells in ATL patients (T11, 0.05%; T301, 0.01%, 663 cells/pl;
T301, 0.12%, 550 cells/ul) and high anti-Tax CD8™ T cells fre-
quency despite low numbers of CD8™ T cells in AC (T11, 0.64%,
356 cells/ul; T301, 1.16%, 309 cells/ul) may support the latter
suggestion (normal values are between 400 and 800 CD8™ T cells/
uD). In such cases, the low frequency of anti-Tax CD8™ T cells is
likely to be Ag-specific immune dysfunction rather than general
immune dysfunction. The low frequency of anti-Tax CD8* T cells
in ATL patients may be involved in progression from HTLV-1
carrier to ATL, and also contribute to the aggressiveness of this
disease, which is refractory to treatment.

The present study demonstrated that HTLV-1 Tax
tetramer* CD8™ T cells in AC and ATL patients produce intracel-
lular [FN-+, and possess perforin and granzyme B, which are mo-
lecular markers of functional CTL in response to the correspond-
ing peptides. Interestingly, perforin and granzyme B expressions in
Tax-specific tetramer-positive cells are significantly lower in ATL
than AC, but there was no difference in CMV-specific tetramer-
positive cells. These findings suggest that reduction of Tax-specific
tetramer positive cells in not only frequency and diversity but also
the function work as risk for ATL development. In contrast, the
present study demonstrated that the reduction in CMV-specific tet-
ramer-positive cells CTL is observed only in the frequency but not
in the function. Therefore, frequent CMV infection during clinical
course of ATL patient may be caused by this mechanism. In con-
trast, the present study demonstrated. that the two functional mol-
ecules expression is reduced in anti-Tax CTL but not in anti-CMV
CTL in either AC subjects or ATL patients. Although the mech-
anism why such differential regulation of CTL function with Ag
specificity works in AC or ATL is unclear at present, these findings
suggest that dysfunction of anti-Tax CTL in the present study re-
flect Ag specificity but not general immune function.

In conclusion, our HTLV-1/HLA tetramer assay enabled anal-
ysis of anti-HTLV-1 CD8" T cells in PBMC of AC and ATL
patients and demonstrated deletion of anti-Tax CD8™ T cells in
ATL patients. Intracellular cytokine expression in anti-HTLV-1
CD8™" T cells had significant difference between AC and ATL, but
not in anti-CMV CD8" T cells. The reduced frequency, diversity,
and function of anti-HTLV-1 Tax CD8" T cell clones may be
related to the development of ATL. This HLA tetramer assay can
be used for monitoring the in vivo status of CTL, and it may be
possible to identify the high risk group in AC of developing to
ATL. Furthermore, the successful expansion of anti-Tax CTL
clones in the present study may facilitate the development of novel
approaches for immunoadaptive therapy against ATL.
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Previous studies have suggested that higher anti-
human T-lymphotropic virus 1 (HTLV-1) antibody
titer and lower anti-HTLV-1 Tax antibody reactivity
are risk factors for adult T-cell leukemia/lym-
phoma. In the present study, we analyzed the
relationships between these factors and clarified
their significance. Forty-five carriers were exam-
ined for anti-HTLV-1 and anti-Tax antibody by
ELISA. In addition, 43 of the 45 carriers with HLA-
A*0201 and/or A*2402 were examined for fre-
quency of Tax-specific cytotoxic T lymphocytes
(CTLs) using HTLV-1/HLA tetramers, and 44 were
examined for proviral load by real-time PCR. The
relationships between these factors were ana-
lyzed statistically. The frequencies of Tax11-19and
Tax301-309-specific CTLs were significantly
higher in the anti-Tax antibody-positive group as
compared with the antibody-negative - group
(P=0.002 and 0.033, respectively). Anti-HTLV-1
antibody titer had a positive correlation with
proviral load (P=0.019), whereas anti-Tax anti-
body did not show a significantcorrelation. Higher
frequencies of both Tax11-19 and Tax301-309-
specific CTLs are related to a reduction in
proviral load (P=0.017 and 0.015, respectively).
Synergistic interactions of humoral and cellular
immunity against Tax protein were demonstrated
. in HTLV-1 carriers. Tax-specific CTL may reduce
HTLV-1 proviral load to prevent asymptomatic
carriers from developing adult T-cell leukemia/
lymphoma. J. Med. Virol. 79:977-986, 2007.
© 2007 Wiley-Liss, Inc.
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INTRODUCTION

Human T- lymphotropicvirus 1 (HTLV-1)isastrainin
the genus Deltaretrovirus, family Retroviridae. It is
etiologically linked to adult T-cell leukemia/lymphoma
[Poiesz et al., 1980; Hinuma et al., 1981) and a chronic
inﬂamma’oory neurological disorder designated HTLV-
l-associated myelopathy/tropical spastic paraparesis
(HAM/TSP) [Gessain et al., 1985; Osame et al., 1986].
HTLV-1 is prevalent in Japan, the Caribbean, South
America, Africa, Melanesia, and the Middle East
[Maloney and Blattner, 2003]. In Japan, it is estimated
that approximately 1 million people are infected with
HTLV-1, and most HTLV-1 carriers are asymptomatic
throughout their lives. However, 1-5% of infected
individuals develop adult T-cell leukemia/lymphoma
[Tajima, 1990], and less than 1% develop HAM/TSP or |
other inflammatory disorders.

Although adult T-cell leukemia/lymphoma is caused
by HTLV-1 infection, generally a long latent period
about 60 years is needed for the development of the
disease after initial infection mainly via breastfeeding
[Hino et al., 1985; Kinoshita et al., 1987]. The Miyazaki
Cohort Study of HTLV-1 carriers suggested that the
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' risk factors for the development of adult T-cell leukemia/
lymphoma from carriers include vertical HTLV-1 infec-
* tion, gender (male > female), and increased numbers of

abnormal lymphocytes (Ably) [Hisada et al.,, 1998a,

2001]. Others have reported that the percentage of
circulating Ably are strongly correlated with HTLV-1
proviral load [Hisada et al., 1998a; Tachibana et al.,
1992]. Moreover, persistent proliferation of HTLV-1-
infected CD4* T-cell clones in asymptomatic carriers is
accompanied with a high proviral load [Etoh et al,,
1997]. These observations suggest that high HTLV-1
proviral load is also correlated with a risk of the
development of adult T-cell leukemia/lymphoma.

Anti-HTLV-1 antibody is detected in all HTLV-1-
infected individuals, either asymptomatic carriers or
patients with HTLV-1-associated diseases. In the
Miyazaki Cohort Study, a higher anti-HTLV-1 antibody
titer was a high risk factor for the development of adult
T-cell leukemia/lymphoma [Hisada et al., 1998b]. In
contrast, a lower prevalence of antibody to Tax protein
(anti-Tax antibody) has been demonstrated in patients
with adult T-cell leukemia/lymphoma compared with
asymptomatic HTLV-1 carriers [Yokota et al., 1989]. A
lower prevalence of anti-Tax antibody has also been
demonstrated in a subset of HTLV-1 carriers with
detectable levels of Ably (>0.6%) [(Hisada et al., 1998a},
suggesting that anti-Tax antibody reactivity is low
among patients with adult T-cell leukemia/lymphoma
before their clinical diagnosis. Anti-Tax antibody levels
in all five subjects who developed adult T-cell leukemia/
lymphoma were low for up to 10 years preceding their

- diagnosis in the cohort study. These findings suggest
that a lower anti-Tax antibody level is a significant risk
factor for the development of adult T-cell leukemia/
lymphoma [Hisada et al., 1998b].

Recently, HTLV-1-specific cytotoxic T lymphocytes
(CTLs) have attracted a great deal of attention with
regard to host immunity against infection with the
virus. HTLV-1 Tax protein is the most common
target for HTLV-1-specific CTLs in infected individuals
[Jacobson et al., 1990; Kannagi et al., 1991]. Tax-specific
CTLs can be induced from peripheral blood mono-
nuclear cells (PBMCs) of asymptomatic -carriers
in vitro. In contrast, induction of Tax-specific CTLs is
rarely observed in PBMCs of patients with adult T-cell
leukemia/lymphoma [Kannagi et al., 1983, 1984, 1993,
1994; Jacobson et al., 1990; Parker et al., 1992]. The
insufficient Tax-specific CTL response in patients with
adult T-cell leukemia/lymphoma suggests that these
CTLs contribute to surveillance for the disease in HTLV-
l-infected individuals.

On the other hand, previous studies have suggested
that HTLV-1 proviral load is also a major risk factor for
HAM/TSP; the median proviral load is 16-fold higher in
HAM/TSP patients than in healthy carriers [Nagai
et al, 1998}]. A high HTLV-1 proviral load is also
associated with an increased risk of progression to
disease [Nagai et al., 1998; Taylor et al., 1999].

These findings suggest that a reduction in HTLV-1
proviral load in circulating lymphocytes prevents HTLV-
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1 carriers from contracting adult T-cell leukemia/
lymphoma and HAM/TSP. Although anti-HTLV-1 anti-
body, anti-Tax antibody, and Tax-specific CTLs seem to
be related to HTLV-1 proviral load and the development
of HTLV-1-associated diseases, the details are poorly
understood. In the present study, we demonstrated
relationships between anti-HTLV-1 antibody, anti-Tax
antibody, Tax-specific CTLs, and HTLV-1 proviral load,
and discuss the risk factors for the development of adult
T-cell leukemia/lymphoma and HAM/TSP.

MATERIALS AND METHODS
Subjects and PBMCs

The study population consisted of 45 asymptomatic
carriers who visited Kagoshima University Hospital for
examination to determine HTLV-1 carrier state and for
a clinical check-up-during the period from September
2004 to May 2005. None of the subjects had
clinical signs, symptoms, or HTLV-1-associated dis-
eases. Informed consent was obtained from all subjects
and the study protocol was reviewed and approved by
the Medical Ethical Committee of Kagoshima Univer-
sity. Blood samples obtained at clinical visits were
collected in EDTA tubes for determination of the
complete blood counts and differential counts using
standard methods. Ably were counted by a hematologist
during microscopic review of peripheral blood smears,
which were fixed in methanol and stained with Giemsa.
Ably were identified according to the criteria reported
previously [Kondo et al., 1985]. The number of Ably
among 100 leukocytes was recorded as a percentage.
PBMCs were separated from heparinized whole blood by
centrifugation on Ficoll/Hypaque (Pharmacia, Uppsala,
Sweden). For subsequent experiments, the cells were
cryopreserved in liquid nitrogen until assayed as
described previously [Katahira et al., 1995].

HILA Typing of PBMCs

In our recent study, analysis of HLA type revealed
that more than 80% of asymptomatic HTLV-1 carriers
and patients with adult T-cell leukemia/lymphoma
had HLA-A*02 or HLA-A*24 [Kozako et al., 2006],
consistent with other reports of HLA allele types in the
population of Southern Kyushu [Sonoda, 2003]. HLA
types were determined by serological tests using mono-
clonal antibodies (mAbs) for HLA-A*02 (clone: BB7.2)
and HLA-A*24 (clone: 17A10; kindly provided by
Medical and Biological Laboratories, Nagoya, Japan).
Indirect staining was completed by incubation of cells
with goat anti-mouse IgG-fluorescein isothiocyanate
(FITC) (Immunotech, Miami, FL). HLA allele types
were also confirmed by the Luminex method using DNA
isolated from the cryopreserved PBMCs as described (G
& G Science, Fukushima, Japan) [Kikkawa et al., 2003].

Tetramer Assay for HTLV-1-Specific CTL

We used 14 distinct phycoerythrin (PE)-conjugated |
HLA-A*0201 and HLLA-A*2402 tetramers for HTLV-1
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Tax and Env peptides (Medical and Biological Labora-
tories) in reference to the previous HTLV-1Tax and Env
CTL epitope mapping data [Yashiki et al.,, 2001].
In addition, two HTLV-1/HLA tetramers were
purchased from Beckman Coulter (Fullerton, CA).
Finally, 16 HTLV-1/HLA tetramers were prepared
for the present study. The 16 epitopes were as
follows: Tax11-19 LLFGYPVYV),  Tax123-131
(TLGQHLPTL), Tax155-163 (YLYQLSPPI), Tax178-186
(QLGAFLTNYV), Tax307-315 (LLFEEYTNI), Env175-
183 (FLNTEPSQL), Env239-247 (VLYSPNVSV), and
Env442-450 (ALQTGITLV) for HLA-A*0201, Tax12-20
(LFGYPVYVF), Tax187-195 (PYKRIEELL), Tax289-297
(SFLLSHGLD), Tax301-309 (SFHSLHLLF), Tax311-319
(EYTNIPISL), Env11l-19 (FFQFCPLIF), Env21-29
(DYSPSCCTL), and Env153-161 (HFSKCGFPF) for
HLA-A*2402 (anchor motifs are indicated in boldface).
The quality of each HLA-tetramer was tested by HPLC
and biological assay for respective CTLs. Aliquots of
1 x 108 freshly isolated PBMCs were reacted with the
16 HLA tetramers for 45 min at 4°C with FITC-
conjugated mouse anti-human CD8 mAbs according to
the manufacturer’s instructions (Medical and Biological
Laboratories). All samples were also examined for
surface markers using mouse anti-CD4-PE (Beckman
Coulter) and anti-CD45-Peridinin Chlorophyll-a
Protein (Becton Dickinson, San Jose, CA). Aliquots
of 1x10° CD45—p051t1ve lyrnphocytes in fresh
samples were analyzed on a FACScan using CellQuest
software (Becton Dickinson) [Bleganowska et al., 1999;
Kuzushima et al., 2001].

Detection of Anti-HTLV-l and
Anti-Tax Antibody

Anti-HTLV-1 antibody titer and anti-Tax antibody
reactivity were examined in the 45 subjects. Anti-
HTLV-1 antibody was measured by electrochemilumi-
nescence immunoassay (ECLIA) (Picolumi®HTLV-L
Eisai, Tokyo, Japan) in our hospital, using beads
coated with purified HTLV-1 antigen and synthetic
Env peptides. Anti-Tax antibody was measured by
ELISA, using a recombinant Tax protein expressed in
Escherichia coli with a full-length HTLV-1 tax gene. The
cut-off value was determined from the average of the
ELISA absorbance value plus three SD obtained from
169 specimens negative for anti-Tax antibody (Eisai)
[Kamihira et al., 1989; Sawada et al., 1989; Kashiwagi
et al., 1990]. The levels of antibodies were estimated
using a cut-off index (CI): the corresponding serum was
considered ELISA-positive at CI > 1.1.

Real-Time PCR Quantitation of HTLV-1
Proviral Load in PBMCs

The standard HTLV-1 DNA was prepared from MT-2
cells [Miyoshi et al., 1981]. Real-time PCR quantitation
of HTLV-1 DNA was performed in a Light-Cycler
System (Roche Diagnostics, Mannheim, Germany)
‘using measurements of 12 test samples with standard
DNA for each assay. The HTLV-1 primer set corre-
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sponded to the highly conserved HTLV-1 pX region,
SK43, and SK44 [Ehrlich et al., 1990]). The HTLV-1 pX
probe set was designed for the two adjacent parts of
the pX region, which were labeled with different
fluorophores [Sonoda et al., 2004].

The HTLV-1 proviral load was expressed as number of
copies per 1,000 cells using the following formula:
HTLV-1 proviral load =[(HTLV-1 pX copy number)/
(B-globin copy number/2)] x 1,000. The limit of detection
of this method was 0.2 copies of HTLV-1 provirus/
1,000 cells. Real-time PCR quantitation of HTLV-1
provirus DNA has an inherent error of 25% in terms of
coefficient of variation (CV), as seen in different inter-
assay runs for HTLV-1 proviral load [Nagai et al., 1998].
However, the present real-time PCR quantitation with
duplicate intra-assay reduced the CV to less than 8%
[Sonoda et al.,, 2004]. Using this method, we could
perform accurate measurements of HTLV-1 proviral
load in PBMCs of asymptomatic HTLV-1 carriers.

Statistical Analysis

Correlation analyses were performed based on either
Pearson or Spearman’s rho correlation coefficients as
appropriate. The resulting values for the two subject
groups were compared with Mann—Whitney U tests.
SPSS for Windows (version 14.0J; SPSS, Inc., Chicago,
IL) was used for statistical analysis, and P < 0.05 was
considered significant.

RESULTS
Characteristics of the Subjects

The age, sex, and HTLV-1-related markers of these 45
asymptomatic carriers (18 men and 27 women) are
summarized in Table I. The subjects’ median age was 58
years old with a range from 22 to 82. The median
leukocyte count was 5,200/ul with a range from 1,900 to
9,500, and the median Ably level was 1% with a range
from 0 to 6% (data not shown). In the present study,
overt adult T-cell leukemia/lymphoma, including smol-
dering type, was excluded by Southern blot hybridiza-
tion of HTLV-1 proviral DNA. The two cases with Ably
levels of more than 5% in the present study (case #12,
6%; case #36, 5%) were also diagnosed as carriers, as no
band was detected by Southern blot hybridization.

All 45 cases were positive for anti-HTLV-1 antibodies,
and the titers ranged from 2.8 to 330.9 CI with a median
value of 81.6. On the other hand, anti-Tax antibody was
found in 15 of the 45 cases (33%). One subject (case #43)
could not be included in the HTLV-1 proviral load
analysis, as his PBMCs were no longer available. The
median proviral load was 62.3/1,000 copies ranging from
4.6 t0 592.4. _

Ten of the 45 carriers had HLA-A*0201, 25 had HLA-
A*2402, 8 had both alleles in heterozygous combination,
and 2 had neither HLA-A*0201 nor HLA-A*2402. As
the HLA-tetramers in the present study can detect
HTLV-1-specific CD8" cells possessing either HLA-
A*0201 or HLLA-A*2402, 43 cases were examined for
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each tetramer-CD8* cells. The cases with more than
0.03% tetramer-CD8* cells distributed as a cluster were
judged as positive for HTLV-1-specific CD8™ cells in the
present study. Most subjects had single epitope-specific
CTLs for each HLA allele: Tax11-19-specific CTL for
HLA-A*0201 and Tax301-309-specific CTL for HLA-
A*2402. A few subjects had multiple epitope-specific
CTLs for one HLA allele, including the major epitope-
specific CTLs mentioned above and a few minor epitope-
specific CTLs. In the present study, we assessed only the
major CTLs in both HLA alleles, as shown in Table I.
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TABLE I. HTLV-1-Related Markers Among the 45 Asymptomatic Carriers
Anti-Tax Proviral
Anti-HTLV-1 Anti-Tax antibody Tax11-19- Tax301-309-  load (/1,000
Case No. Age Sex antibody titer (CI) antibody titer (CI) positivity specific CTL (%) specific CTL (%) copies)
HLA-A*0201-related
1 72 F 5.5 0.21 - 0.03 NA 21.0
2 74 M 23.71 0.24 - 0.00 NA 12.2
3 46 F 6.1 : 0.21 ~ 0.08 NA 24.1
4 53 M 41.8 1.79 + 0.29 NA 39.7
5 47 F 16.8 0.68 - 0.00 . NA 71.8
6 56 F 141.5 0.29 - 0.00 NA 17.3
7 54 M 30.92 7.25 + 0.09 NA 63.2
8 66 F 2.9 0.26 - 0.00 NA 25.1
9 51 F 225.6 0.61 - 0.00 NA 128.7
10 62 F 20.46 0.82 - 0.01 NA 9.8
HLA-A*0201 and HLA-A*2402-related
11 80 F 20.0 1.71 + 0.73 0.07 42.7
12 63 M 282.4 0.71 -~ 0.02 0.23 469.3
13 70 F 89.47 0.26 - 0.03 0.02 135.4
14 47 F 30.1 0.29 — 0.00 0.00 12.2
15 61 F 37.8 0.29 -~ 0.04 0.00 5.2
16 72 P 23.5 0.40 - 0.00 0.00 22.4
17 62 F 2.8 1.24 + 0.14 0.04 4.6
18 53 M 145.7 1.61 + 0.03 0.01 4.8
HLA-A*2402-related
19 58 F 256.4 1.76 + NA 0.16 106.9
20 52 M 81.6 0.29 - NA 0.50 61.4
21 47 M 142.8 0.24 - NA 0.14 69.5
22 51 F 70.8 0.29 - NA 0.00 338.3
23 22 F 198.0 2.71 + NA 111 93.7
24 68 F 101.5 0.35 - NA 0.00 79.8
25 69 F 241.5 0.29 - NA 0.00 271.2
26 80 F 288.8 6.82 + NA 0.55 82.3
27 53 F o 1171 0.35 - NA 0.06 5924
28 58 F 101.2 0.32 - NA 0.15 107.3
29 82 M 39.85 0.74 - NA 0.12 26.1
30 68 F 76.46 5.85 + NA 0.00 27.3
31 66 F 12.25 0.21 - NA 0.31 54.6
32 68 M 147.39 0.50 - NA 0.17 213.4
33 31 M 159.4 0.29 - NA 0.47 69.5
34 73 M 62.8 0.48 - NA 0.15 77.9
35 55 F .139.71 6.75 + NA 1.05 73.2
36 58 M 231.7 2.14 + NA 1.37 27.0
37 57 M 11.1 2.25 + NA 0.19 114
38 70 F 330.9 5.01 + NA 3.25 40.4
39 44 M 46.0 0.72 - NA 0.01 144.5
40 78 M 73.6 0.54 - NA 0.19 50.9
41 61 M 95.4 243 + NA 0.16 68.4
42 76 F 169.42 1.52 + NA 041 41.0
43 58 F._ 76.34 0.91 - NA 0.60 NA
. Irrelevant HLA alleles
44 43 M 121.2 0.18 - NA NA 97.1
45 53 M 162.5 0.26 - NA NA 265.9
- NA, not available.

Nine of the 18 (50%) cases with HLA-A*0201 were
positive for Tax11-19-specific CTLs, and 23 of the
33 (69.7%) cases with HLA-A*2402 were positive for
Tax301-309-specific CTLs. Only two cases (case #16:
0.08% and case #35: 0.06%) had sufficient Env-specific
CTLs.

Relationships Between HTLV-1-Related Markers

Anti-HTLV-1 antibody titer in the anti-Tax antibody-
positive group was not different from that in the
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antibody-negative group (median 139.7 vs. 75.0,
P=0.194, Mann—Whitney; Fig. 1). There was no
significant correlation between anti-HTLV-1 antibody
titer and the frequency of Tax11-19-specific CTLs
(P =0.628, Spearman; Fig. 2A), whereas the frequency
of Tax11-19-specific CTLs was significantly higher in

the anti-Tax antibody-positive group compared with the -

antibody-negative group among HLA-A*0201-positive
cases (median 0.14 vs. 0.00%, P =0.002, Mann—-Whit-
ney; Fig. 2B). On the other hand, there was a significant
positive correlation between anti-HTLV-1 antibody titer
and the frequency of Tax301-309-specific CTLs
(r=0.549, P=0.001, Pearson; Fig. 2C), and the fre-
quency of Tax301-309-specific CTLs was also signifi-
cantly higher in the anti-Tax antibody-positive group

- compared with the antibody-negative group among
HLA-A*2402-positive cases (median 0.19 vs. 0.09%,
P =0.033, Mann—Whitney; Fig. 2D).

There was a significant positive correlation between
anti-HTLV-1 antibody titer and HTLV-1 proviral load
(r=0.353, P=0.019, Pearson; Fig. 3A). However, the
proviral load in the anti-Tax antibody-positive group
was not different from and even seemed slightly lower
than that in the antibody-negative group (median 41.0
vs. 69.5/1,000 copies, P=0.147, Mann—-Whitney;
Fig. 3B). Next, we analyzed the relationship between
Tax-specific CTLs and proviral load. As shown in
Figure 4, the frequency of Tax11-19-specific CTLs was
significantly lower than that of Tax301-309-specific
CTLs (the frequencies of Tax301-309-specific CTLs in
Tax11-19-specific CTL-positive carriers were excluded
previously) in the CTL-positive carriers (median 0.08 vs.
0.19%, P =0.009, Mann—Whitney). However, the pro-
viral load in the Tax11-19-specific CTL-positive group
was significantly lower than that in the Tax11-19-
specific CTL-negative group consisting of cases with

i
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Fig. 1. Comparison of anti-HTLV-1 antibody titer between the anti-
Tax antibody-positive and negative groups. Anti-HTLV-1 antibody
titer in the anti-Tax antibody-positive group was notdifferent from that
in the antibody-negative group (median 139.7 vs. 75.0, P=0.194,
Mann-Whitney). -
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Tax301-309-specific CTL alone or neither CTL (median
24.1 vs. 69.5/1,000 copies, P=0.017, Mann—Whitney;
Fig. 5A). On the other hand, the proviral load in the
Tax301-309-specific CTL-positive group was not differ-
ent from that in the CTL-negative group consisting of
cases with Tax11-19-specific CTL alone or neither CTL
(median 69.0 vs. 33.5/1,000 copies, P=10.291, Mann—
Whitney; Fig. 5B). The reason that the Tax301-309-
specific CTL-positive group did not have lower proviral
load than the CTL-negative group can be explained by
the inclusion in the Tax301-309-specific CTL-negative
group of many cases with Tax11-19-specific CTLs as
very strong negative regulators of HTLV-1 proviral load
(7 of 22 carriers) [Jeffery et al., 1999, 2000; Nagai et al.,
2001; Vine et al., 2002; Yao et al., 2006]. Therefore, we
next analyzed the relationship between Tax301-309-
specific CTLs and proviral load among cases positive for
HLA-A*2402 but not A*0201. These subjects were
divided into a higher Tax301-309-specific CTL fre-
quency group (>median: 0.17%, n=11; case #43 was
not included as mentioned above) and a lower CTL
frequency group (<0.17%, n = 13), and the proviral load
in the former was significantly lower than that in the
latter (median 54.6 vs. 106.9/1,000 copies, P=0.015,
Mann—-Whitney; Fig. 6). -

DISCUSSION

The present study was performed to examine the
relationships between anti-HTLV-1 antibody, anti-Tax
antibody, Tax-specific CTLs, and HTLV-1 proviral load
in asymptomatic carriers. Anti-HTLV-1 antibody is
predominantly directed against structural polypeptides
of HTLV-1, such as Env or Gag, but rarely against Tax
[Yamamoto et al., 1983; Schneider et al., 1984]. There-
fore, it is likely that anti-HTLV-1 and anti-Tax anti-
bodies are each controlled by independent regulation of
production. We found no significant correlation between
anti-Tax antibody positivity and anti-HTLV-1 antibody
titer in the présent study (Fig. 1). On the other hand, the
frequency of Tax11-19-specific CTLs showed a signifi-
cant positive correlation only with anti-Tax antibody
positivity, but not with anti-HTLV-1 antibody titer,
although the frequency of Tax301-309-specific CTLs
showed significant positive correlations with both types
of antibody (Fig. 2). These findings imply that anti-Tax
antibody is associated with Tax-specific CTLs, and
suggest a strong positive correlation between humoral
and cellular immunity against HTLV-1 Tax. A recent
study demonstrated that long-lasting CD4* T-cell
memory depends on the presence of B cells retaining
antigen [van Essen et al.,, 2000]. Furthermore, poly-
clonal activation of B cells may help to optimize the
memory CTL response against persistent viruses that
are predominantly controlled by CTL [Matter et al.,
2005]. These mechanisms may help explain the close
relationship between the anti-Tax antibody and the
frequency of Tax-specific CTLs that we report here.
Perhaps anti-Tax antibody can serve as a convenient

~marker for the presence of Tax-specific CTLs.

J. Med. Virol. DOI 10.1002/jmv
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Fig. 2. . Relationships between the frequencies of Tax- specific CTLs
and anti-HTLV-1 or anti-Tax antibody. There was no significant
correlation between anti-HTLV-1 antibody titer and the frequency of
Tax11-19-specific CTLs (P=0.628, Spearman) (A), whereas the
frequency of Tax11-19-specific CTLs was significantly higher in the
anti-Tax antibodypositive group compared with the antibody-negative
group among HLA-A*0201-positive cases (median 0.14 vs. 0.00%,

As predicted from the findings of the Miyazaki Cohort
Study [Ishihara et al., 1994], we found a strong positive
correlation between anti-HTLV-1 antibody and HTLV-1
proviral load among asymptomatic carriers. However,
it remains unclear whether this high antibody titer
contributes significantly to controlling the equilibrium
proviral load. We observed very few Env-specific CTLs
in asymptomatic carriers which further suggests insuf-
ficient collaboration of humoral and cellular immunity
against Env protein. The positive relationship between
anti-HTLV-1 antibody and proviral load can be
explained by induction of high anti-HTLV-1 antibody
titer in response to a high proviral load. In the absence of
sufficient virus-specific CTLs, however, the proviral
load remains elevated. In contrast, a tendency toward a
negative relationship between the anti-Tax antibody
positivity and the proviral load is hinted at in our
studies, although statistical analysis did not show a
significant correlation between these factors (Fig. 3).

The observed relationship between anti-Tax antibody
titer and the proviral load can be explained by presence
of high frequency of CTLs against HTLV-1 Tax in anti-
Tax antibody-positive carriers. Tax11-19-specific CTLs
showed a strong negative relationship to the proviral
load (Fig. 5A), and Tax301-309-specific CTLs also
showed a negative relationship to that after exclusion
of the bias due to Tax11-19-specific CTLs (Fig. 6). As
carriers with higher anti-Tax antibody titer will have a
higher frequency of Tax-specific CTLs, as demonstrated
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P=0.002, Mann—Whitney) (B). There was a significant positive
correlation between anti-HTLV-1 antibody titer and the frequency of
Tax301-309-specific CTLs (r=0.549, P=0.001, Pearson) (C), and the
frequency of Tax301-309-specific CTLs was also significantly higher in
the anti-Tax antibody-positive group compared with the antibody-
negative group among HLA-A*2402-positive cases (median 0.19 vs.
0.09%, P = 0.033, Mann—Whitney) (D).

above, anti-Tax antibody may play a role in reducing
proviral load indirectly, although it will not kill the
virus-infected cells directly.

Previous studies have strongly suggested that
elevated proviral loads are closely related with the
development of adult T-cell leukemia/lymphoma
[Kinoshita et al., 1985; Yokota et al.,, 1989; Manns
et al., 1999; Taylor et al., 1999; Okayama and Stuver,
2003]. Our findings also indicate that HTLV-1 carriers
from the Miyazaki Cohort Study with the highest anti-
HTLV-1 antibody titers and lowest anti-Tax antibody
reactivity may be at greatest risk for adult T-cell
leukemia/lymphoma.

On the other hand, previous studies have suggested
that CTLs may be useful to determine the proviral load
and the risk of proinflammatory disease [Bangham
et al., 1996, 1999]. It is possible that HTLV-1-specific
CTLs exert both protective and inflammatory effects.
There is also evidence that HTLV-1-specific CTL may
contribute to the inflammation seen in HAM/TSP
[Elovaara et al., 1993; Ljichi et al., 1993; Biddison
et al., 1997; Levin et al., 1997; Kubota et al., 1998].
However, frequent and chronically activated HTLV-1-
specific CTLs have been found in healthy carriers as well
as in HAM/TSP patients [Parker et al.,, 1992, 1994,
Daenke et al., 1996; Jeffery et al., 1999]. Therefore,
previous studies suggested that the CTLs efficiently
destroy HTLV-1-infected cells in vivo and thus protect
against inflammatory diseases, such as HAM/TSP



Association of Anti-HTLV-1 and Tax-Specific CTL With HTLV-1

A
= 600 .
s
S 500 .
- 9
£S5 400+ r=.353 P=.019
> o
8 © 300-
a.
- S 200
gb 100
0—.
) ) 1 1 1
0 100 200 300 400
Anti.HTLV-1 Antibody Titer (Cl)
B
600 *
3.8 %07 o NS
- —
3 § 400 .
o 300
O
& 100- N
NN
07 T $
Negative Positive

Anti-Tax Antibody

Fig. 3. Relationshipsbetween HTLV-1 proviralload and anti-HTLV-
1 or anti-Tax antibody. There was a significant positive correlation
between anti-HTLV-1 antibody titer and HTLV-1 proviral load
(r=0.353, P=0.019, Pearson) (A). However, the proviral load in the
anti-T'ax antibody-positive group was not different from and seemed
slightly lower than that in the antibody-negative group (median
41.0 vs. 69.5/1,000 copies, P =0.147, Mann-Whitney) (B).

[Niewiesk et al., 1994; Hanon et al., 2000]. In addition, a
recent case-control study showed that the MHC class I
genes HLA-A*02 and/or Cw*08 conferred protection
against HAM/TSP; possession of the A*02 and/or
Cw*08 genes prevented 36% of potential HAM/TSP
cases [Jeffery et al., 1999, 2000]. These observations
suggested that both A*02 and Cw*08-restricted CTLs
are particularly efficient at recognizing Tax, and reduce
the proviral load and hence the risk of disease. In
our study, Tax11-19-specific CTLs showed a negative
relationship to the proviral load more strongly than
Tax301-309-specific CTLs (Fig. 5). This result favors the
conclusion of the previous study that demonstrated a
protective effect of HLA-A*02 against HTLV-1 proviral
load and the risk of HAM/TSP in virus-infected
individuals, as the Tax11-19-specific CTLs are HLA-
A*0201-restricted [Jeffery et al., 1999]. Tax11-19-
specific CTLs will proliferate rapidly in response to
HTLV-1Tax, and kill HTLV-1-infected cells rapidly, and
so limit the proviral load to a low level. However, the
proliferation rate of the CTLs will not be stimulated to a
greater extent by the proviral load when a strong
immune response reaches equilibrium with a low
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Fig. 4. Comparison of the frequencies between Tax11-19 and
Tax301-309-specific CTLs. The frequency of Tax11-19-specific CTLs
was significantly lower than that of Tax301-309-specific CTLs in the
CTL-positive carriers (median 0.08 vs. 0.19%, P=0.009, Mann—
Whitney). The frequencies of Tax301-309-specific CTLs in Tax11-19-
specific CTL-positive carriers were excluded previously.
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Fig. 5. Comparison of HTLV-1 proviral load between Tax-specific
CTL-positive and CTLnegative groups. HTLV-1 proviral load was
significantly lower in the Tax11-19-specific CTL-positive group
compared with the CTL-negative group among all cases (median 24.1
vs. 69.5, P=0.017, Mann-Whitney) (A). On the other hand, proviral
load was not different between Tax301-309-specific CTL-positive and
CTL-negative groups (median 69.0 vs. 33.5/1,000 copies, P=0.291,
Mann—Whitney) (B).
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Fig. 6. Comparison of HTLV-1 proviral load between groups with
higher and lower frequencies of Tax301-309-specific CTLs. HTLV-1
proviral load was significantly lower in the group with higher frequency
of Tax301-309-specific CTLs (>0.17%) compared with the group with
lower frequency of these CTLs (<0.17%) (median 54.6 vs. 106.9/1,000
copies, P=0.015, Mann-Whitney) among cases positive for HLA-
A*2402 but not A*0201.

proviral load. Therefore, previous reports have focused
on the ‘efficiency’ of the CTL response as a factor of
reduction in the proviral load rather than the frequency
of specific CTLs, which was considered an unreliable
index of the effectiveness of the CTL response [Bang-
ham, 2003]. In fact, both experiment [Ogg et al., 1998;
Kubota et al., 2000; Wodarz and Bangham, 2000; Betts
et al., 2001; Wodarz et al., 2001] and theory [Bangham,
2002; Addo et al., 2003] have shown various results
indicating positive, negative, or zero correlations
between the specific CTL frequency and virus load. In
support of this idea, the frequency of Tax11-19-specific
CTLs was significantly lower than that of Tax301-309-
specific CTLs in the present study (Fig. 4). However, the
higher frequency of Tax301-309-specific CTLs also
showed a negative relationship to the proviral load after
exclusion of the bias due to Tax11-19-specific CTLs

(Fig. 6). As Tax301-309-specific CTLs may make a

weaker CTL response to HTLV-1than Tax11-19-specific
CTLs, these CTLs may have to proliferate more
frequently to reduce the proviral load sufficiently. The
results of the present study demonstrate that a high
frequency of Tax-specific CTLs can maintain arelatively
low HTLV-1 proviral load and can be a factor in
reduction of the proviral load in healthy carriers in
addition to ‘CTL efficiency’.

However, the present study had the limitation that
our method can detect only HTLV-1-specific CD8™ cells
possessing either HLA-A*0201 or A*2402. Although
more than 80% of HTLV-1 carriers in the population of
Southern Kyushu had HLA-A*02 or A*24, other HLA
class I haplotype-restricted CTLs should be analyzed to
gain a greater understanding of the whole immunity
against HTLV-1 Tax.

In conclusion, we report a correlation between anti-
Tax antibody and the frequency of Tax-specific CTLs.

J. Med. Virol. DOI 10.1002/jmv
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Anti-Tax antibody and Tax-specific CTLs may prevent
growth of HTLV-1-infected cells in carriers. In addition,
higher anti-HTLV-1 antibody titer is associated with a
higher HTLV-1 proviral load. Further studies are
required to focus on how HTLV-1-related markers and
the host immune response impact on the development of
adult T-cell leukemia/lymphoma and HAM/TSP.
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