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Abstract

HLA-DRB1*0101 is associated with susceptibility to human T lymphotropic virus type 1 

(HTLV-1)–associated myelopathy/tropical spastic paraparesis (HAM/TSP). Here, we used a 

synthetic tetramer of DRB1*0101 and its epitope peptide to analyze HTLV-1–specific CD4+ T 

cells ex vivo. The frequency of tetramer+CD4+ T cells was significantly greater in patients with 

HAM/TSP than in healthy HTLV-1 carriers (HCs) at a given proviral load and correlated with 

HTLV-1 tax messenger RNA expression in HCs but not in patients with HAM/TSP. These cells 

displayed an early to intermediate effector memory phenotype and were preferentially infected by 

HTLV-1. T cell receptor gene analyses of 2 unrelated DRB1*0101-positive patients with 

HAM/TSP showed similar Vβ repertoires and amino acid motifs in complementarity-determining 

region 3. Our data suggest that efficient clonal expansion of virus-specific CD4+ T cells in patients 
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with HAM/TSP does not simply reflect higher viral burden but rather reflects a rapid turnover 

caused by preferential infection and/or in vivo stimulation by major histocompatibility complex–

peptide complexes.

Human T lymphotropic virus type 1 (HTLV-1)–associated myelopathy/tropical spastic 

paraparesis (HAM/TSP) [1–4] is a chronic, progressive myelopathy characterized by spastic 

paraparesis, sphincter dysfunction, and mild sensory disturbance in the lower extremities 

and is observed only in a minority of infected individuals. Most previous investigations of 

the specific cellular immune response during HTLV-1 infection have focused on CD8+ 

cytotoxic T lymphocytes (CTLs), which are typically abundant, chronically activated [5, 6], 

and mainly targeted to the viral transactivator protein Tax [7–9]. HTLV-1–specific CD8+ T 

cells have the potential to produce proinflammatory cytokines [10]. However, possession of 

the HLA-A2 allele, which efficiently presents epitopes of HTLV-1 Tax protein, has been 

associated with protection against HAM/TSP as well as with a lower proviral load [11]. 

Thus, there is debate concerning the role played by HTLV-1–specific CD8+ T cells—

namely, whether these cells contribute to the inflammatory and demyelinating processes of 

HAM/TSP or whether the dominant effect of such cells in vivo is protective against disease 

(although these 2 mechanisms are not mutually exclusive).

Because CD4+ T cell help is necessary for optimal CTL and antibody responses, the CD4+ T 

cell response against HTLV-1 must also be important. We have previously reported that an 

HTLV-1 envelope (Env) gp21 immunodominant epitope was restricted by HLA-

DRB1*0101 [12, 13] and that HLA-DRB1*0101 was associated with susceptibility to 

HAM/TSP in independent HTLV-1–infected populations in southern Japan [11, 14] and 

northeastern Iran [15], indicating the reproducibility of the effect at the population level. 

Also, CD4+ T cells are the main reservoir of HTLV-1 [16] in vivo and predominate in the 

mononuclear-cell infiltrate that is found in early active inflammatory spinal cord lesions in 

HAM/TSP [17] with spontaneous secretion of proinflammatory cytokines [18]. These data 

suggest that HLA-DRB1*0101 might be associated with susceptibility to HAM/TSP via an 

effect on CD4+ T cell activation and subsequent bystander damage in the central nervous 

system (CNS) [5, 19]. Major histocompatibility complex (MHC) class II tetramers have 

been used for direct ex vivo characterization studies of HIV-1–specific CD4+ T cell 

populations [20, 21], but such reagents have never been used for HTLV-1–specific CD4+ T 

cells.

In the present study, we have used an MHC class II tetramer formed between the disease 

susceptibility–associated allele HLA-DRB1*0101 and its immunodominant epitope to 

analyze the frequency, phenotype, and T cell receptor (TCR) specificities directly ex vivo in 

HTLV-1–infected individuals without in vitro cultivation.

PATIENTS, MATERIALS, AND METHODS

Patients and cells

This research was approved by the institutional review boards of the authors’ institutions, 

and written informed consent was obtained from all individuals. Peripheral blood was 

studied from 20 patients with HAM/TSP (diagnosed by World Health Organization criteria 
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[22]) and from 19 healthy HTLV-1 carriers (HCs) from Kagoshima, an area in southern 

Japan where HTLV-1 infection is endemic. Characteristics of patients with HAM/TSP and 

HCs are shown in table 1. All individuals possessed HLA-DRB1*0101, determined by 

polymerase chain reaction (PCR) with sequence-specific primers, as described elsewhere 

[23]. Fresh peripheral blood mononuclear cells (PBMCs) were isolated by Histopaque-1077 

(Sigma) density gradient centrifugation, washed, and stored in liquid nitrogen until use.

Quantification of HTLV-1 proviral load, tax mRNA expression, and anti–HTLV-1 antibody 
titers

We performed real-time quantitative PCR using an ABI Prism 7700 device (PE Applied 

Biosystems) to examine HTLV-1 proviral load and tax mRNA expression in PBMCs, as 

described elsewhere [24, 25]. The amount of HTLV-1 proviral DNA was calculated using β-

actin as an internal control by the following formula: copy number of HTLV-1 (pX) per 1 × 

104 PBMCs = [(copy number of pX)/(copy number of β-actin/2)] × 104. For mRNA 

quantification, serially diluted cDNA from HTLV-1–infected MT-2 cells was used for 

generating standard curves for the value of HTLV-1 tax mRNA and hypoxanthine ribosyl 

transferase (HPRT) mRNA, and the relative HTLV-1 tax mRNA load was calculated by the 

following formula: HTLV-1 tax mRNA load = (value of tax)/(value of HPRT) × 10,000. All 

assays were performed in triplicate. We used aliquots of the same standard MT-2 cDNA 

preparation for all assays, and the correlation values of standard curves were always >99%. 

Serum HTLV-1 antibody titers were determined by the particle agglutination method.

Monoclonal antibodies and DRB1*0101/HTLV-1 Env380 –394 tetramer

The following mouse anti–human monoclonal antibodies (MAbs) were used for flow 

cytometry: CD4–phycoerythrin (PE)–cyanine 5–succinimidylester (PC5), CD8–energy-

coupled dye, CD28-PC5 (Beckman Coulter), CD45RA-PC5, CD27–fluorescein 

isothiocyanate (FITC), interferon (IFN)–γ–FITC (BD Pharmingen), and CCR7-FITC (R&D 

Systems). The PE-conjugated DRB1*0101/HTLV-1 Env380–394 

(RGLDLLFWEQGGLCK) tetramer (DR1/Env tetramer) and control HLA-DRB1*0101/

CLIP (PVSKMRMATPLLMQA) tetramer (DR1/CLIP tetramer) were generated by peptide 

exchange using DRB1*0101/CLIP complexes produced in CHO cells, as described 

elsewhere [26].

Flow cytometry

PBMCs first were surface stained with the DR1/Env tetramer or the control DR1/CLIP 

tetramer for 2 h at room temperature (RT). Various MAbs for costaining were added for the 

last 20 min of incubation. After cell-surface labeling, cells were washed with PBS and fixed 

in PBS containing 2% paraformaldehyde (Sigma) for 20 min and then resuspended in PBS. 

Isotype-matched mouse immunoglobulins were used as a control. Intracellular IFN-γ 

staining was done as described elsewhere [27], using freshly isolated PBMCs cultivated for 

6 h at 37°C with 0.1 ng/mL phorbol myristate acetate (Sigma) and 0.5 μg/mL A23187 

(Sigma), with brefeldin A (Sigma) at a final concentration of 10 μg/mL included for the last 

5 h to inhibit secretion of cytokines from the cells. For intracellular Tax staining, PBMCs 

were incubated with PE-conjugated DR1/Env tetramer for 2 h at RT or with each MAb to 
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cell-surface molecules for 15 min at RT. Then, cells were fixed and subjected to intracellular 

Tax staining with anti-Tax MAb (Lt-4; IgG3) [28] or with isotype control MAb, as 

described elsewhere [29]. Finally, the cells were washed and analyzed by use of an EPICS 

XL flow cytometer and EXPO32 analysis software (Beckman Coulter) in the lymphocyte 

gate, on the basis of forward versus side scatter. At least 500 DR1/Env tetramer+CD4+ cells 

were analyzed for each sample. The frequency of DR1/Env tetramer+CD4+ T cells denotes 

the frequency of tetramer+ cells among total CD4+ cells.

Enrichment of DR1/Env tetramer+ cells

Cells from 2 Japanese HLA-DRB1*0101–positive patients with HAM/TSP who had 

relatively high frequencies of DR1/Env tetramer+CD4+ T cells were subjected to 

enrichment. First, CD4+ T cells were negatively selected by use of the CD4+ T Cell 

Isolation Kit II (Miltenyi Biotec) in accordance with the manufacturer’s instructions, with 

purity determined to be >95% by flow cytometry (data not shown). Anti-PE MACS beads 

were incubated with purified CD4+ T cells for 15 min at 4°C following PE-conjugated 

DR1/Env tetramer staining for 2 h at RT. After incubation with MACS beads, the cells were 

passed over a separation column, in accordance with the manufacturer’s instructions.

Reverse-transcriptase PCR (RT-PCR) analysis and sequencing of TCR-Vβ transcripts

RT-PCR and sequencing analyses of TCR-Vβ transcripts were done as described elsewhere 

[30]. Briefly, cDNA was generated from 5 × 104 (for each) whole PBMCs and ex vivo–

isolated DR1/Env tetramer+CD4+ T cells. Then, RT-PCR was performed with a panel of 26 

TCR-Vβ–specific primers [31] and a reverse primer specific for the TCR-Vβ constant region 

(CB-R) that was end-labeled with 6-FAM (Applied Biosystems). The fluorescent intensity 

of each band was quantified using GeneScan software (version 3.1; Applied Biosystems). 

Finally, each purified PCR product was subcloned and sequenced [30].

Statistical analysis

The Mann-Whitney U test was used for comparing the differences in the frequencies of 

DR1/Env tetramer+CD4+ T cells and Tax-expressing cells between patients with HAM/TSP 

and HCs. Correlations between variables were examined by Spearman’s rank correlation 

analysis. The results represent mean ± SD values, where applicable. P < .05 was considered 

to indicate statistical significance.

RESULTS

Direct ex vivo detection and enrichment of HTLV-1 Env gp21–specific CD4+ T cells by an 
HLA class II tetramer

Specific binding of the DR1/Env tetramer is shown in figure 1. We confirmed the absence of 

detectable staining of PBMCs for 20 DRB1*0101-positive patients with HAM/TSP by use 

of the control DR1/CLIP tetramer (figure 1A left panel), for 10 HTLV-1–seronegative 

subjects (5 DRB1*0101 positive and 5 negative) (data not shown) by use of the DR1/Env 

tetramer, and for 5 DRB1*0101-negative patients with HAM/TSP by use of the DR1/Env 

tetramer (figure 1A, center panel). In contrast, clear and distinct staining was observed for 

DRB1*0101-positive patients with HAM/TSP and HCs by use of the DR1/Env tetramer 
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(figure 1A, right panel). All DR1/Env tetramer+ cells were CD4+. Enrichment of PE-labeled 

DR1/Env tetramer+ cells from 2 patients with HAM/TSP (HAM1 and HAM2)—the 2 who 

had the highest frequencies of DR1/Env tetramer+CD4+ T cells (0.13% and 0.08% of 

PBMCs in HAM1 and HAM2, respectively) of 20 DRB1*0101-positive patients with 

HAM/TSP tested—was done by positive selection using anti-PE microbeads. After 

enrichment, we observed that 42.4% (HAM1) and 57.7% (HAM2) of CD4+ T cells were 

DR1/Env tetramer+(figure 1B).

Significantly greater in vivo frequency of HTLV-1 Env gp21–specific CD4+ T cells in 
patients with HAM/TSP than in HCs at a given proviral load

The mean frequency of DR1/Env tetramer+ cells among the CD4+ T cells from 20 patients 

with HAM/TSP (mean ± SD, 0.304% ± 0.287%) was significantly higher than that for 19 

HCs (mean ± SD, 0.099% ± 0.189%; P = .0002, Mann–Whitney U test) (figure 2A). 

Because the mean HTLV-1 proviral load for the HAM/TSP group was significantly higher 

than that for the HCs (mean ± SD, 437.8 ± 322.0 for the HAM/TSP group vs. 245.1 ± 238.6 

for the HC group; P = .043, Mann-Whitney U test), we compared the frequencies of 

DR1/Env tetramer+CD4+ T cells between the patients with HAM/TSP and the HCs who had 

a similar proviral load (mean ± SD, 397.9 ± 200.3 for patients with HAM/TSP [n = 14] and 

381.1 ± 231.1 for HCs [n = 11]). The mean frequency of DR1/Env tetramer+CD4+ T cells 

was still significantly higher in patients with HAM/TSP (mean ±SD, 0.308% ± 0.318% [n = 

14]) than in HCs (mean ± SD, 0.125% ± 0.238% [n = 11]) (P = .0007, Mann-Whitney U 

test) (figure 2B). In accordance with this observation, the frequency of DR1/Env 

tetramer+CD4+ T cells was not significantly correlated with HTLV-1 proviral load in 

patients with HAM/TSP alone, in HCs alone, or in both groups combined (data not shown). 

In contrast, the frequency of DR1/Env tetramer+CD4+ T cells was significantly correlated 

with HTLV-1 tax mRNA expression in the peripheral blood of HCs alone and in both 

groups combined but not in patients with HAM/TSP alone (figure 2C).

Preferential infection of HTLV-1 Env380 –399 –specific CD4+ T cells by HTLV-1 in patients 
with HAM/TSP

Intracellular detection of HTLV-1 Tax in DR1/Env tetramer+CD4+ T cells after 6 h of in 

vitro cultivation of PBMCs revealed that the frequency of HTLV-1 Tax–expressing cells 

among DR1/Env tetramer+CD4 T cells was always higher than that of Tax-expressing cells 

among CD4+ cells in 5 patients with HAM/TSP tested (for the number of Tax+ DR1/Env 

tetramer+CD4+ cells divided by total DR1/Env tetramer+CD4+ cells times 100, mean ± SD 

of 25.04% ± 8.99%; for the number of Tax+CD4+ cells divided by total CD4+ cells times 

100, mean ± SD of 5.34% ± 3.61%; P = .009, Mann-Whitney U test), indicating that 

DR1/Env tetramer+CD4+ T cells were preferentially infected by HTLV-1 (figure 3). A 

significant correlation was observed between the percentage of Tax+CD4+ cells and proviral 

load but not between the percentage of Tax+DR1/Env tetramer+CD4+ cells and proviral load 

(data not shown).
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Ex vivo phenotypic and functional analysis of Env380 –399 –specific CD4+ T cells

We could directly determine the phenotype of DR1/Env tetramer+CD4+ T cells in 7 patients 

with HAM/TSP by costaining for cell-surface markers of memory (CD45RA), lymph node 

homing (CCR7), and costimulation (CD27 and CD28) without in vitro cultivation (figure 

4A). The expression of CCR7 and CD45RA in DR1/Env tetramer+CD4+ T cells showed that 

the vast majority of DR1/Env tetramer+CD4+ T cells were effector memory 

(CCR7−CD45RA−) cells (mean ± SD, 90.56% ± 6.06%; median, 90.54%) (figure 4B). The 

maturational phenotype of memory CD4+ T cells was determined by CD27 and CD28 

staining, to separate antigen-specific CD4+ T cells into 3 distinct functional subsets—

CD27+CD28+, CD27−CD28+, and CD27−CD28−, which correlate with early, intermediate, 

and late phenotype, respectively [32]. A majority of HTLV-1–specific CD4+ T cells were 

skewed to an early (mean ± SD, 56.43% ± 7.46%; median, 54.59%) to intermediate (mean ± 

SD, 28.27% ± 5.91%; median, 30.88%) memory phenotype in all 7 patients with HAM/TSP 

tested (figure 4B). Intracellular staining of IFN-γ in DR1/Env tetramer+CD4+ T cells after 6 

h of in vitro stimulation with mitogen revealed that less than half of Env380–399–specific 

CD4+ T cells express IFN-γ (mean ± SD, 32.23% ± 11.43%; median, 31.03%; n = 6) (figure 

4C). We could not obtain data on HCs because the frequencies of DR1/Env tetramer+CD4+ 

T cells were very low; therefore, sufficient amounts of blood specimens were not available.

Expression of TCR-Vβ transcripts in enriched DR1/Env tetramer+CD4+ T cells and whole 
PBMCs from patients with HAM/TSP

TCR gene expression in enriched DR1/Env tetramer+CD4+ T cells and whole PBMCs is 

shown in figure 5. In contrast to the TCR-Vβ repertoire of whole PBMCs, which is 

composed of a diverse set of Vβ alleles, the Vβ repertoire of enriched DR1/Env 

tetramer+CD4+ T cells from 2 unrelated DRB1*0101-positive patients with HAM/TSP 

showed a similar and limited TCR-Vβ gene use. Namely, Vβ chains 2, 6, 7, 13S2, 15, 16, 

18, and 20 were detected in enriched DR1/Env tetramer+CD4+ T cells derived from both 

HAM1 and HAM2, whereas Vβ13S1 was observed in only HAM1 and not in HAM2.

TCR junctional region sequences of enriched DR1/Env tetramer+CD4+ T cells

We have analyzed the nucleotide sequences of each different TCR-Vβ band. Conserved 

amino acid motifs were observed in the complementarity-determining region (CDR) 3 of 

enriched DR1/Env tetramer+CD4+ T cells derived from HAM1 and HAM2 (table 2). The T-

X-G (where X indicates any amino acid) or S-X-T-G motifs were present in the CDR3 of 

Vβ2 PCR products of enriched DR1/Env tetramer+CD4+ cells. Similarly, the T-X-X-R, T-X-

X-P, Q-E, P-G-X-G, and VG motifs were present in Vβ13S2, Vβ15, Vβ16, Vβ18, and Vβ20 

CDR3 of the enriched DR1/Env tetramer+CD4+ cells derived from both HAM1 and HAM2, 

although we did not observe any amino acid motifs in Vβ7.

DISCUSSION

Until recently, studies of the HTLV-1–specific cellular immune response have focused on 

the CD8+ CTL response, and the CD4+ T cell response to HTLV-1 has been little studied. 

This is mainly because HTLV-1 predominantly infects CD4+ T cells in vivo [29, 33] and 

because expression of HTLV-1 Tax in infected CD4+ T cells leads to cell activation and to 
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IFN-γ production and proliferation, which are the basis of the standard assays used to study 

the antigen-specific CD4+ T cell response. To overcome this problem, we have used a 

synthetic tetramer of the disease susceptibility–associated allele DRB1*0101 and its 

immuno-dominant peptide to analyze HTLV-1–specific CD4+ T cells ex vivo. The 

advantage of this technique is that we could directly detect HTLV-1 Env gp21–specific 

CD4+ T cells among PBMCs from patients with HAM/TSP and HCs without in vitro 

cultivation, which may significantly alter the composition and functional properties of the T 

cells.

We found that there was no correlation between the frequency of DR1/Env tetramer+CD4+ 

T cells and HTLV-1 proviral load in either the patients with HAM/TSP alone, the HCs 

alone, or both groups combined, indicating that the higher frequency of HTLV-1–specific 

CD4+ T cells observed in patients with HAM/TSP did not simply reflect the higher proviral 

load (i.e., more HTLV-1–infected T cells). This is consistent with the findings of previous 

studies by Goon et al. [34, 35]. Goon et al. also showed that the total frequency of HTLV-1–

specific CD4+ T cells was significantly higher in patients with HAM/TSP than in HCs with 

a similar proviral load, by use of an enzyme-linked immunospot assay to estimate the total 

frequency of HTLV-1–responsive CD4+ cells that produce IFN-γ. That the 2 independent 

experimental techniques give the same qualitative result increases confidence that this 

conclusion is correct. We observed a significantly greater frequency of HTLV-1–specific 

CD4+ T cells in patients with HAM/TSP than in HCs, although there was no significant 

difference between the groups with respect to mean proviral load. This observation suggests 

that more-efficient expansion of HTLV-1–specific CD4+ T cell clones irrespective of 

proviral load does occur in patients with HAM/TSP, probably because of the greater chronic 

antigenic stimulation in these patients than in HCs with a similar proviral load. This 

suggestion is consistent with the previous observation by our group [36] and others [25] that 

HTLV-1 proviral expression in patients with HAM/TSP is greater than that in HCs at a 

given proviral load. A second factor might also contribute to the efficient proliferation of 

HTLV-1–specific CD4+ T cells: these cells are preferentially infected with HTLV-1, which, 

when expressed, will drive proliferation of the host cells.

To further characterize the DR1/Env tetramer+CD4+ T cells, we analyzed (1) TCR-Vβ use 

and CDR3 sequence, which is critical to antigen recognition [37, 38]; (2) cell surface 

phenotypes; and (3) Tax and IFN-γ expression after 6 h of cultivation in the DR1/Env 

tetramer+CD4+ T cells from patients with HAM/TSP for whom sufficient blood was 

available for assay. The higher frequency of HTLV-1–specific CD4+ cells compared with 

the frequency of virus-specific CD4+ T cells determined using a class II tetramer in other 

viral infections—such as influenza A virus [39], HIV [20, 21], Eptein-Barr virus [40], and 

hepatitis C virus [26]—made these experiments possible. For example, in influenza A virus 

infection, the frequency of hemagglutinin-specific CD4+ T cells is typically only between 

0.0012% and 0.0061% of circulating CD4+ T cells [39], whereas the mean frequency of the 

DR1/Env tetramer+CD4+ T cells is >10-fold higher (0.20%) in the present study. As for 

TCR analysis, although the limited TCR-Vβ repertoire of virus-specific CD4+ T cells has 

been reported in hepatitis C virus infection by use of a class II tetramer and Vβ monoclonal 

antibodies [26], the CDR3 sequences of directly isolated virus-specific CD4+ T cells have 
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not been reported elsewhere. In spite of the lower purity of enriched DR1/Env 

tetramer+CD4+ T cells (42.4% for HAM1 and 57.7% for HAM2), we found similar patterns 

of TCR-Vβ use and conserved amino acid motifs in different CDR3 regions. These 

unexpected findings suggest the possibility that, although the cells “negative” for tetramer in 

the enriched population were polyclonal, the cells “positive” for tetramer in the enriched 

population were oligoclonal. These results are also closely analogous to our previous 

findings for HTLV-1 Tax 11–19–specific CD8+ T cells. Namely, an amino acid motif in the 

CDR3 of a particular TCR-Vβ chain was observed in freshly isolated HLA-A*0201/

Tax11-19 tetramer+CD8+ T cells and muscle infiltrating cells from patients with HAM/TSP 

[30] and HTLV-1–infected patients with polymyositis [41]. It is therefore possible that the 

observed amino acid motifs are the result of in vivo selection by a complex of the particular 

MHC (DRB1*0101) and peptide (Env380–394) during the course of chronic infection. 

However, our data also suggest that DR1/Env tetramer+CD4+ T cells were preferentially 

infected by HTLV-1 in patients with HAM/TSP, again directly corroborating the findings of 

the previous study by Goon et al. [35], who showed that the frequency of CD4+ T cells 

infected with HTLV-1 was greater among HTLV-1–specific cells than among 

cytomegalovirus-specific cells by both Tax expression and proviral load quantification (i.e., 

preferential infection of HTLV-1 in HTLV-1–specific CD4+ T cells). Therefore, we cannot 

rule out the possibility that HTLV-1–specific CD4+ T cells efficiently proliferate in response 

to infection. Nevertheless, in either case, it is evident that particular HTLV-1–specific CD4+ 

T cell clones expand efficiently in vivo in patients with HAM/TSP.

Next, we ascertained surface phenotypes on the basis of CD27, CD28, CCR7, and CD45RA 

expression, which are considered to distinguish T cell differentiation phenotypes [42, 43] 

and to correlate with the cell’s capacity to migrate to secondary lymphoid tissues (i.e., the 

central vs. the effector memory T cell distribution) [44]. Our data indicate that the vast 

majority of DR1/Env tetramer+CD4+ cells in patients with HAM/TSP were effector memory 

(CCR7−CD45RA−) T cells, which are able to leave the circulation and migrate into the 

parenchyma of peripheral tissues, including the CNS [45]. Interestingly, this effector 

memory T cell phenotype is the same as that of previously reported HIV-specific 

tetramer+CD4+ T cells [20]. Moreover, the maturational phenotype of memory CD4+ T cells 

ascertained by CD27 and CD28 staining, which reflects the different phenotypic 

characteristics of CD4+ T cells specific for different pathogens [43], indicated that the 

majority of DR1/Env tetramer+CD4+ cells were skewed to an early to intermediate memory 

phenotype, again the same as during HIV-1 infection [32]. As for HIV-1 infection, the 

relatively immature phenotype of HTLV-1–specific CD4+ T cells may be due to a rapid 

turnover of HTLV-1–specific CD4+ T cells during the course of chronic infection. These 

immature virus–specific CD4+ T cells may produce a low frequency of IFN-γ production, 

leading to inefficient T cell surveillance and to the high proviral load seen in patients with 

HAM/TSP, given that we observed that more than half of DR1/Env tetramer+CD4+ T cells 

did not express IFN-γ after 6 h of in vitro stimulation with mitogen for all patients with 

HAM/TSP tested.

In conclusion, we have shown that HTLV-1–specific DR1/Env tetramer+CD4+ T cells that 

displayed a distinct early to intermediate effector memory phenotype expand more 
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efficiently in vivo in patients with HAM/TSP than in HCs. These HTLV-1–specific CD4+ T 

cells may be associated with HAM/TSP via an inappropriate regulation of cellular 

immunity, leading to activation, more-efficient proliferation, migration into the CNS, and 

subsequent bystander damage in patients with HAM/TSP [5, 19]. Further longitudinal study 

combined with single-cell analysis may provide useful information on how HTLV-1–

specific CD4+ T cells are involved in the initiation and pathogenesis of HAM/TSP.
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Figure 1. 
Direct ex vivo detection and enrichment of human T lymphotropic virus type 1 (HTLV-1) 

Env gp21–specific CD4+ T cells by the DRB1*0101/Env380-394 (DR1/Env) tetramer. A, 

No detectable staining of tetramer+ peripheral blood mononuclear cells in DRB1*0101-

positive patients with HTLV-1–associated myelopathy/tropical spastic paraparesis (HAM/

TSP) by the control HLA-DRB1*0101/CLIP tetramer (left panel) or in DRB1*0101-

negative patients with HAM/TSP by the DR1/Env tetramer (center panel). In contrast, clear 

and distinct staining was observed in DRB1*0101-positive patients with HAM/TSP by the 

DR1/Env tetramer (right panel). All DR1/Env tetramer+ cells were CD4+. The percentages 

of cells in each quadrant are given in the upper right corner. B, Ex vivo major 

histocompatibility complex class II tetramer staining of HTLV-1 Env380-394 –specific 

CD4+ T cells (left panels). DR1/Env tetramer+ T cells were positively selected from 

negatively selected CD4+ T cells by use of anti-phycoerythrin (PE) MACS beads and a 

magnetic separation column (right panels). The purity was checked by flow cytometry with 

anti-CD4 monoclonal antibody staining. PC5, cyanine 5–succinimidylester.
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Figure 2. 
Ex vivo frequencies of DRB1*0101/Env380-394 (DR1/Env) tetramer+ cells among 

peripheral blood mononuclear cells (PBMCs) from patients with human T lymphotropic 

virus type 1 (HTLV-1)–associated myelopathy/tropical spastic paraparesis (HAM/TSP) and 

from healthy HTLV-1 carriers (HCs). A, Frequency of DR1/Env tetramer+CD4+ T cells in 

20 patients with HAM/TSP and in 19 HCs. The mean frequency of DR1/Env tetramer+CD4+ 

T cells among PBMCs from 20 patients with HAM/TSP was significantly higher than that of 

19 HCs (mean ± SD, 0.304% ± 0.287% vs. 0.099% ± 0.189%; P = .0002, Mann-Whitney U 

test). HTLV-1 proviral load was also significantly higher in patients with HAM/TSP than in 

HCs (mean ± SD, 437.8 ± 322.0 vs. 245.1 ± 238.6; P = .043, Mann-Whitney U test). The 

percentage represents the frequency of the tetramer+ cells among total CD4+ T cells. Means 

are represented by horizontal lines. B, Frequency of DR1/Env tetramer+CD4+ T cells in 14 

patients with HAM/TSP and in 11 HCs. Although there was no significant difference in 

HTLV-1 proviral load between these patients with HAM/TSP and HCs (mean ± SD, 397.9 ± 

200.3 vs. 381.1 ± 231.1), the mean frequency of tetramer+CD4+ T cells was still 

significantly higher in the patients with HAM/TSP than in the HCs (mean ± SD, 0.308% ± 

0.318% vs. 0.125% ± 0.238%; P = .0007, Mann-Whitney U test). The percentage represents 

the frequency of tetramer+ cells among total CD4+ cells. Means are represented by 

horizontal lines. C, Significant correlation between the frequency of tetramer+CD4+ T cells 

and HTLV-1 tax mRNA expression in the peripheral blood of HCs alone or both groups 
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combined but not in patients with HAM/TSP alone. Data were analyzed by Spearman rank 

correlation. The solid line is the least-squares regression line. The relative HTLV-1 tax 

mRNA load was calculated by the following formula: HTLV-1 tax mRNA load = (value of 

tax)/(value of HPRT) × 10,000.
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Figure 3. 
Increased frequency of Tax expression in human T lymphotropic virus type 1 (HTLV-1) 

Env380 –399 –specific CD4+ T cells compared with that in total CD4+ T cells, in patients 

with HTLV-1–associated myelopathy/tropical spastic paraparesis (HAM/TSP). A, 

Intracellular detection of HTLV-1 Tax in DRB1*0101/Env380-394 (DR1/Env) 

tetramer+CD4+ T cells after 6 h of in vitro cultivation of peripheral blood mononuclear cells. 

One representative result from those for 5 patients with HAM/TSP is shown. The frequency 

of HTLV-1 Tax– expressing cells among DR1/Env tetramer+CD4+ T cells (23.9%) was 

higher than that of Tax-expressing cells among CD4+ T cells (8.5%). B, Data on all 5 

patients with HAM/TSP tested. The frequency of HTLV-1 Tax– expressing cells among 

DR1/Env tetramer+CD4+ T cells was always higher than that of Tax-expressing cells among 

CD4+ T cells (for the no. of Tax+DR1/Env tetramer+CD4+ cells divided by total DR1/Env 

tetramer+CD4+ cells times 100, mean ± SD of 25.04% ± 8.99%; for the no. of Tax+CD4+ 

cells divided by total CD4+ cells times 100, mean ± SD of 5.34% ± 3.61%; P = .009, Mann-

Whitney U test). Lines link 2 data points for each patient. At least 500 DR1/Env 

tetramer+CD4+ cells were analyzed for each sample. FITC, fluorescein isothiocyanate; PC5, 

cyanine 5–succinimidylester.
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Figure 4. 
Phenotypic analysis of human T lymphotropic virus type 1 (HTLV-1) Env380 –399 –

specific CD4+ T cells by HLA class II tetramer staining. A, Peripheral blood mononuclear 

cells from 7 patients with HTLV-1–associated myelopathy/tropical spastic paraparesis 

(HAM/TSP) were stained with cell-surface markers of memory (CD45RA), lymph node 

homing (CCR7), and costimulation (CD27 and CD28). One representative result is shown. 

The expression of CCR7 and CD45RA in DRB1*0101/Env380-394 (DR1/Env) 

tetramer+CD4+ T cells indicates that the vast majority of DR1/Env tetramer+CD4+ T cells 

were effector memory (EM; CCR7−CD45RA−) cells. The expression of CD27 and CD28 in 

DR1/Env tetramer+CD4+ T cells indicated that the majority of HTLV-1–specific CD4+ T 

cells were skewed to an early (54.59%) to intermediate (IM; 28.06%) memory phenotype. B, 

Ex vivo phenotypic profile of HTLV-1 Env380 –399 –specific CD4+ T cells in 7 patients 

with HAM/TSP. Each dot represents the percentage of DR1/Env tetramer+CD4+ T cells that 

showed the indicated phenotype (early, CD28+CD27+; IM, CD28+CD27−; late, 

CD28−CD27−; central memory [CM], CCR7+CD45RA−; EM, CCR7−CD45RA−; and 

terminary differentiated effector [TDE], CCR7−CD45RA+). Means are represented by 

horizontal lines. C, Interferon (IFN)–γ expression in DRB1*0101/Env380-394 tetramer+ 

cells. IFN-γ was detected in tetramer+ cells in all 5 patients with HAM/TSP tested. More 

than half of DR1/Env tetramer+CD4+ T cells did not express IFN-γ (for IFN-γ+tetramer+ 

cells, mean ± SD of 32.47% ± 12.76% and median of 31.03%). At least 500 DR1/Env 

tetramer+CD4+ cells were analyzed for each sample.
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Figure 5. 
Expression of T cell receptor (TCR)–Vβ transcripts in enriched DRB1*0101/Env380-394 

tetramer+ cells and in whole peripheral blood mononuclear cells (PBMCs) from patients 

with human T lymphotropic virus type 1–associated myelopathy/tropical spastic paraparesis 

(HAM/TSP). Expression of TCR-Vβ transcripts in enriched DRB1*0101/Env380-394 (DR1/

Env) tetramer+CD4+ T cells and whole PBMCs from 2 patients with HAM/TSP (HAM1 and 

HAM2) were analyzed by reverse-transcriptase polymerase chain reaction (RT-PCR). Two 

microliters of the final TCR-Vβ RT-PCR product mixture were subjected to electrophoresis 

on a 5% polyacrylamide sequencing gel, and the resulting bands were detected on an 

automated sequencer. The relative amounts of Vβ transcripts in enriched DR1/Env 

tetramer+CD4+ T cells (gray bars) and total PBMCs (black bars) were quantified by 

fluorescence with GeneScan software.
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Table 1

Characteristics of patients with human T lymphotropic virus type 1 (HTLV-1)–associated myelopathy/tropical 

spastic paraparesis (HAM/TSP) and of healthy HTLV-1 carriers (HCs).

Characteristic HAM/TSP (n = 20) HCs (n = 19)

Age, mean ± SD, years 59.1 ± 8.2 48.0 ± 15.2

Sex, no.

Male 10 7

Female 10 12

Serum anti–HTLV-1 antibody titera

Mean ± SD 43,300 ± 48,400 1770 ± 2390

Median 16,384 1024

HTLV-1 proviral load in PBMCsb

Mean ± SD 438 ± 322 245 ± 234

Median 354 151

a
Anti–HTLV-1 antibodies were titrated by the particle agglutination method.

b
HTLV-1 Tax copy no./1 × 104 peripheral blood mononuclear cells (PBMCs).
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