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ABSTRACT 

 
 HTLV-I provirus load has been reported to be generally higher in HTLV-I associated 

myelopathy / tropical spastic paraparesis (HAM/TSP) patients than in HTLV-I 

asymptomatic carriers (ACs).  However, there are ACs who have high HTLV-I 

provirus load as HAM/TSP patients.  To examine other factors that influence the 

outcome of HTLV-I infection, we analyzed spontaneous Tax expression and cytokine 

production in peripheral blood mononuclear cells using flow-cytometry.  The Tax 

expression in HTLV-I infected cells (% of Tax expressing cells / HTLV-I provirus load 

when assumed one copy in a cell) and the intensity of Tax expression did not differ 

between these two groups.  However, the production of IFN- and TNF-  in Tax 

expressing cells was significantly lower in ACs with high HTLV-I provirus load than in 

HAM/TSP patients.  This result suggests that the production of inflammatory 

cytokines in Tax expressing cells is also one of the factors that contribute the 

development of HAM /TSP. 
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INTRODUCTION 

 Human T-cell lymphotropic virus type I (HTLV-I) is the etiologic agent of adult 

T-cell leukemia (ATL) [1, 2] and HTLV-I-associated myelopathy / tropical spastic 

paraparesis (HAM/TSP) [3, 4].  The main pathological feature of HAM /TSP is 

chronic inflammation in the spinal cord characterized by perivascular lymphocytic 

cuffing and parenchymal lymphocytic infiltration [5].  Although the mechanisms by 

which HTLV-I causes HAM/TSP are not fully elucidated, an increased level of HTLV-I 

provirus load and cytokines production have been postulated as contributing factors.  

Firstly, a higher HTLV-I provirus load in peripheral blood mononuclear cells (PBMC) 

have been observed in HAM / TSP patients than in HTLV-I asymptomatic carriers 

(ACs) [6, 7, 8] and host genetic factors also appear to influence the risk of development 

of HAM/TSP [9, 10].  However, there are individuals with a high HTLV-I provirus 

load who remain asymptomatic [8].   We therefore wondered if there are factors in 

addition to the HTLV-I virus load that influences the outcome of HTLV-I infection.  

Secondly, the production of inflammatory cytokines, such as interferon- (IFN-) and 

tumor necrosis factor- (TNF-) have been examined in HAM/TSP patients [11, 12, 

13].  Also, an immunocytochemical study revealed overexpression of IFN- and 

TNF- by infiltrating lymphocytes in the CNS of patients with HAM/TSP [14].  It was 

also reported that the adhesion of lymphocytes to cultured cerebral endothelium was 

increased by IFN- and /or TNF- [15].  Furthermore, IFN- induces class II MHC 

antigens [16] and might elicit a T cell mediated immune response leading to CNS 

damage [17], and inflammatory cytokines were postulated to play a role in the 

pathogenesis of HAM/TSP [18].  Expression of these cytokine genes is detected by 
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RT-PCR method more frequently in HAM/TSP patients than in asymptomatic carriers 

or seronegative controls [11].  An increased production of these cytokines in HAM 

/TSP patients was reported in the supernatant of cultured PBMC compared to the non 

infected normal control [12].  Finally, there is a report that cerebral fluid IFN- 

concentrations are increased in HAM/TSP patients than in ACs [13]. 

  Tax protein coded by the HTLV-I is essential for efficient viral expression [19] and 

plays an important role via activation of cellular genes such as cytokine genes [20-24] 

and proto-oncogenes [25].  IFN- and TNF- are also candidate genes transactivated 

by Tax, because both genes contains nuclear factor of activated T cells (NFAT) binding 

sites in the promoters [26, 27], and Tax can transactivate genes through NFAT site [28].    

A difference in Tax expression would influence the virus load by its transactivational 

activity on the viral genome.  Previously, we reported that the tax/rex mRNA 

expression in HTLV-I infected cells was nearly the same in HAM/TSP patients and 

ACs [29].  However, another study reported that the tax mRNA expression in HTLV-I 

infected cells was higher in HAM/TSP than ACs [30].  Measurement of the 

concentration of mRNA or DNA by PCR may have a bias especially at smaller 

concentrations of RNA or DNA, as is usually the case in HTLV-I infected ACs.  To 

test whether the efficiency of Tax expression in HTLV-I infected cells determines the 

outcome of HTLV-I infection, it will be more accurate to compare the level of Tax 

expression in HAM/TSP patients and ACs with the same HTLV-I provirus load.  We 

therefore aimed to compare the Tax expression in HAM/TSP patients and ACs with an 

HTLV-I provirus load as high as that in the HAM/TSP patients.  In addition, the 

HTLV-I provirus load may influence cytokine production, because HTLV-I infected 

cells possibly produce greater amounts of cytokines than uninfected cells through the 
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transactivational activity of Tax on cytokine genes.  However, previous studies had not 

made it clear whether the higher production of these cytokine mRNAs in the PBMCs in 

HAM /TSP patients compared to the ACs is simply due to the higher HTLV-I provirus 

load or if the cytokine expression in individual Tax-expressing cells is higher in 

HAM/TSP patients [11].  Additionally, previous results regarding the cytokine 

production were obtained in the supernatant of PBMC after 3 to 4 days’ culture and it 

was not determined whether this high cytokine production was produced in HTLV-I 

infected cells themselves [12].  We therefore compared the intracellular cytokine 

production produced by T cells naturally infected with HTLV-I in HAM/TSP and 

healthy carriers who have high HTLV-I provirus load as HAM/TSP patients using a 

recently described sensitive flow cytometric assay to detect intracellular Tax protein 

expression [31].    

 

MATERIALS AND METHODS 

Study population   Fifteen HAM/TSP patients and twenty-three asymptomatic 

HTLV-I carriers from blood donors (ACs) were studied.  We selected asymptomatic 

carriers from 111 individuals who were notified to be infected with HTLV-I from the 

Red Cross after blood donation [32].  We initially selected carriers who harbored more 

than 3% HTLV-I infected cells analyzed by PCR in the peripheral blood mononuclear 

cells (PBMC) and are also more than 40 years old to match the average age of 

HAM/TSP patients.  There were 14 asymptomatic carriers with high HTLV-I provirus 

load (more than 3% of HTLV-I infected cells in PBMC) who matched these criteria.  

We also analyzed nine additional asymptomatic carriers who had lower HTLV-I virus 

load (less than 3%).  No subject in the carrier group with a lower provirus load had an 
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undetectable provirus load.  Samples from HAM/TSP patients were studied only if the 

patients had never been on therapies or if more than 2 years had passed since the end of 

immune modulating therapies such as steroid therapy.  All HAM/TSP patients and 

ACs were of Japanese ethnic origin and resided in Kagoshima prefecture, Japan.  The 

diagnosis of HAM/TSP was made according to World Health Organization diagnostic 

criteria [33].   All of them gave written informed consent before the collection of the 

blood samples.  Six healthy individuals not infected with HTLV-I were also studied as 

a control. 

Cells All of the HAM/TSP patients and ACs visited our clinic and blood was collected.  

PBMCs were isolated in 2 hours after blood collection by Ficoll-Hypaque centrifugation 

and stored in liquid nitrogen until use.  Cells were cultured in flat bottom 6 well /plate 

(9.6 cm2 per one well; Nunc) at 1106 cells/ml in RPMI 1640 medium containing 10% 

heat inactivated fetal calf serum, 2.8mM of L-glutamine, 40U/ml of penicillin and 

40g/ml of streptomycin.  Brefeldin A (Sigma) was added to the wells at a final 

concentration of 10g/ml at the beginning of culture. 

Cell surface staining  After incubation for 12 hours at 37C, cells were washed twice 

with PBS and fixed in PBS containing 2% paraformaldehyde for 20 minutes, washed 

with PBS and resuspended in PBS containing 7% of normal goat serum (Sigma).  Cells 

were then incubated for 15 minutes at room temperature with phycoerythrin-cyanin 5.1 

(PC5)-labeled anti-CD4 (Beckman Coulter) and energy-coupled dye (ECD)-labeled 

anti-CD8 (Beckman Coulter). 

Detection of Intracellular Tax and cytokines Intracellular Tax and cytokine detection 

have been described elsewhere [31].    After cell surface staining, cells were 

resuspended in PBS containing 7% of normal goat serum (Sigma) and 0.2% saponin 
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(Sigma) (PBS-SAPO) for 10 minutes.  Permeabilized cells were washed and 

resuspended in PBS-SAPO containing an anti-HTLV-I Tax Mab (Lt-4; IgG3) [34] or an 

Isotype control mAb (Southern Biotechnology) for 20 minutes at room temperature.  

The cells were then washed twice and resuspended for 20 minutes at room temperature 

in PBS-SAPO containing fluorescein isothiocyanate (FITC)-labeled goat F(ab’)2 

antimouse IgG3 serum (Sourthern Biotechnology) and anti-IFN-  (Beckman Coulter) 

or anti-tumor necrosis factor  (anti-TNF) (Beckman Coulter) or anti-interleukin-4 

(IL-4) (Beckman Coulter) Mab conjugated with phycoerythrin (PE).  Finally, the cells 

were washed twice and 100,000 events were collected in the flow cytometry assays and 

analyzed on a Coulter EPICS XL (Beckman Coulter). 

Proviral load measurement  The HTLV-I provirus load in PBMC was measured by 

the quantitative PCR reaction using the ABI PRISM 7700 sequence detector 

(Perkin-Elmer Applied Biosystems) as described [8].  The amount of HTLV-I proviral 

DNA was calculated as follows: copy number of HTLV-1 (tax) per 104 PBMC = [copy 

number of tax / (copy number of -actin/2)] x 104.  Although it is known that there are 

some cases of multiple copies in single HTLV-I infected cell, most isolates from ATL 

[35] or HAM/TSP patients [36] harbor one HTLV-I proviral copy in one HTLV-I 

infected cell, and therefore the percentage of HTLV-I infected cells was shown as the 

number of HTLV-I infected cells in 100 PBMCs assuming one proviral copy in one 

HTLV-I infected cell.  

Statistical analysis The Mann-Whitney U test was used for statistical analysis of 

HTLV-I provirus load and the variables were treated as continuous.  In other cases, 

Student’s t-test was used when the variance of the population was judged as equal by F 

test.  When the variance or the population was judged as not equal by F test, Welch’s 
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t-test was used.   

RESULTS 

Tax expression and surface marker staining  in HAM/TSP patients and asymptomatic 

carriers with high HTLV-I virus load  To ascertain the difference between 

HAM/TSP and asymptomatic carriers who have an HTLV-I provirus load as high as 

typical patients with HAM/TSP, we initially selected 14 asymptomatic HTLV-I carriers 

with a high HTLV-I provirus load (more than 3% of PBMC infected) and compared the 

Tax and cytokine production.  The age of HAM/TSP patients did not differ compared 

against ACs with high HTLV-I provirus load and non-HTLV-I-infected control.  The 

median HTLV-I provirus load did not differ significantly between HAM /TSP (527 tax 

copies / 10,000 PBMC) and ACs with high HTLV-I provirus load (474 tax copies / 

10,000 PBMC) (p = 0.66 by Mann-Whitney’s U test) (Table1).  A typical result of 

intracellular Tax and surface marker staining is shown in Fig 1.  The HTLV-I provirus 

load of the HAM/TSP patient in this figure (upper column) was 7.68 % (768 tax copies 

in 10,000 PBMC) and the fraction of Tax expressing cells was 3.2%.  The proportion 

of Tax expressing cells in HTLV-I infected cells (Tax expressing cells / HTLV-I load) 

was calculated as 41.7%.  The mean intensity of Tax staining in the Tax expressing 

cells was 33.7 relative units.  Similarly, the HTLV-I provirus load of the ACs in this 

figure (lower column) was 4.67% and the fraction of Tax expressing cells was 2.9 %, 

the fraction of Tax expressing cells among the HTLV-I infected cells was calculated as 

62%.  The mean intensity of Tax staining in the Tax expressing cells was 34.8 relative 

units.  Table 1 shows the summary.  The mean percentage of Tax expressing cells did 

not differ between HAM/TSP patients and ACs with high HTLV-I provirus load 

(p=0.42 by Welch’s t test).  The proportion of Tax expressing cells in HTLV-I infected 
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cells (Tax positive cells / HTLV-I provirus load) was 47.2% in HAM/TSP and 41.9% in 

ACs and did not differ significantly (p=0.62 by Student’s t-test).   The mean 

fluorescence intensity of Tax expressing cells was 27.5 in HAM/TSP patients and 28.9 

in ACs and did not differ significantly (p=0.45 by Student’s t-test).  The mean % of 

CD4+ cells, CD4+Tax+ cells, Tax+ cells in CD4+ cell, CD8+ cells, CD8+Tax+ cells, 

Tax+ cells in CD8+ cell and CD4/CD8 ratio did not differ between HAM/TSP patients 

and ACs with high HTLV-I provirus load.  The age, the mean % of CD4+ cells, CD8+ 

cells, and CD4/CD8 ratio did not also differ between HAM/TSP patients and 

non-HTLV-I-infected individuals (Table 1). 

Tax expression and cytokine production in HAM/TSP patients and asymptomatic 

carriers with high HTLV-I provirus load   A typical result of intracellular Tax 

staining and cytokine staining (IL-4, TNF- IFN-) is shown in Fig. 2.  Tax 

expression and cytokine expression did not differ when examined soon after the 

separation of PBMC or using cells that were once frozen (data not shown).  IFN- was 

partly detected in non-Tax expressing cells in both HAM/TSP patients and ACs with 

high HTLV-I provirus load.  However, interestingly, there was a higher production of 

IFN- in Tax producing cells in HAM/TSP patients than in ACs with high HTLV-I 

provirus load.   TNF- was detected at a low level, mainly in non-Tax-expressing 

cells in both HAM/TSP and ACs with high HTLV-I provirus load.  IL-4 was nearly 

exclusively detected in non-Tax expressing cells in both HAM/TSP and ACs with high 

HTLV-I provirus load.  The cytokine production in Tax-expressing and in 

non-Tax-expressing cells is summarized in Table2.   

Total IFN- producing cells were 0.20% of PBMCs in HAM/TSP patients and 0.08% 

in ACs with high HTLV-I provirus load; this difference was statistically significant 
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(p=0.015 by Student’s t-test).  This difference of IFN- production was not significant 

in non-Tax-expressing cells (0.08% in HAM/TSP patients and 0.05% in ACs; p=0.187 

by Welch’s t-test) but was significant in Tax expressing cells (0.119% in HAM/TSP 

patients and 0.039% in ACs; p=0.023 by Welch’s t-test).   Also, the proportion of 

IFN- producing cells among the Tax producing cells was significantly higher in 

HAM/TSP patients (4.48 ± 2.52 %) than in ACs with high HTLV-I provirus load (1.56 

± 1.07 %) (p=0.0006 by Welch’s t-test).  The proportion of IFN- producing cells in 

non-Tax producing cells did not differ significantly between HAM/TSP patients and 

ACs with high HTLV-I provirus load.  The total frequency of IFN- producing cells in 

non-HTLV-I-infected individuals was 0.04% of PBMCs and was significantly lower 

than in HAM/TSP patients; however, the proportion of IFN- producing cells in 

non-Tax producing cells did not differ significantly between HAM/TSP patients and 

non-HTLV-I-infected individuals.  The fluorescence intensity of IFN-+ cells in Tax- 

cells did not differ between HAM/TSP patients, ACs with high HTLV-I provirus load 

and non-HTLV-I infected individuals.   Also, the fluorescence intensity of IFN-+ 

cells in Tax+ cells did not differ between HAM/TSP patients and ACs with high 

HTLV-I provirus load.  

TNF- producing cells did not differ significantly in frequency between HAM/TSP 

patients and ACs with high HTLV-I provirus load (p=0.11 by Student’s t-test).  

TNF-+Tax+ cells were significantly less frequent in ACs with high HTLV-I provirus 

load (0.009 ± 0.007 %) than in HAM/TSP patients (0.025 ± 0.014 %) (p= 0.0016 by 

Student’s t-test), and the proportion of TNF- producing cells among the Tax 

expressing cells was significantly lower in ACs with high HTLV-I provirus load (0.462 
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± 0.367 %) than in HAM/TSP patients (1.511 ± 1.533 %, p=0.02).  The proportion of 

TNF- producing cells in non-Tax producing cells did not differ between HAM/TSP 

patients, ACs with high HTLV-I provirus load.  Total TNF- producing cells and the 

proportion of TNF- producing cells in non-Tax producing cells in 

non-HTLV-I-infected individuals did not differ significantly against HAM/TSP patients.  

The fluorescence intensity of TNF-+ cells in Tax- cells did not differ between 

HAM/TSP patients, ACs with high HTLV-I provirus load and non-HTLV-I infected 

individuals.  However, the fluorescence intensity of TNF-+ cells in Tax+ cells was 

significantly higher in HAM/TSP patients (8.90 ± 5.67 relative unit) than in ACs with 

high HTLV-I provirus load (5.15 ± 2.75 relative unit; p = 0.03) (Table 2). 

The fraction of total IL-4 producing cells in the PBMCs did not differ significantly 

between HAM/TSP patients and ACs with high HTLV-I provirus load. (p=0.68 by 

Student’s t-test).  However, the fraction of total IL-4 producing cells in the PBMCs in 

non-HTLV-I infected individuals was significantly lower when compared against 

HAM/TSP patients (p=0.02) or against ACs with high load (p=0.012).  The fraction of 

IL-4+Tax- cells and IL-4+Tax+ cells among PBMC and the fraction of IL-4 producing 

cells in Tax+ cells did not differ significantly between HAM/TSP and ACs with high 

HTLV-I provirus load.  However, the fraction of IL-4+Tax- cells among PBMC was 

significantly lower in non-HTLV-I infected individuals when compared against 

HAM/TSP patients (p=0.02) or against ACs with high load (p=0.013) (Table2).  The 

fluorescence intensity of IL-4+ cells in Tax- cells was significantly higher in ACs with 

high HTLV-I load than in HAM/TSP patients (p = 0.002).  And the fluorescence 

intensity of IL-4+ cells in Tax- cells was significantly lower in non-HTLV-I infected 

individuals than in HAM/TSP patients (p = 0.0001) and was also significantly lower 
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against ACs with high HTLV-I provirus load (p = 0.0001).     

Tax and cytokine production in ACs with low HTLV-I provirus load   To examine if 

low inflammatory cytokine expression in Tax producing cells was specific to ACs with 

high HTLV-I provirus load, we also checked the cytokine production in Tax expressing 

cells in nine ACs with lower HTLV-I provirus load.  The median provirus load in 

these 9 carriers was 1.84% and was significantly lower than the HTLV-I provirus load 

of HAM/TSP patients in this study (p=0.0001 by Mann-Whitney’ s U-test).   The 

mean proportion of Tax expressing cells in the PBMC was 0.85% in ACs with lower 

HTLV-I load and was significantly lower than in patients with HAM/TSP (p=0.0089 by 

Welch’s t test) which reflects the lower HTLV-I provirus load.  However, the mean 

proportion of Tax expressing cells in HTLV-I infected cells (Tax expressing cells / 

HTLV-I provirus load) was 49.5% in ACs with lower HTLV-I provirus load and there 

was no significant difference from the value in HAM/TSP patients (47.2%) (p=0.86 by 

Student’s t-test).   The mean fluorescence intensity of FITC of Tax expressing cells 

did not differ significantly between HAM/TSP patients and ACs with lower HTLV-I 

provirus load (p=0.11 by Student’s t-test).  The mean proportion of CD4+ cells, CD8+ 

cells, and the CD4/CD8 ratio did not differ between HAM/TSP patients and ACs with 

low HTLV-I provirus load (Table 1).  The mean proportion of Tax+CD4+ cells, Tax+ 

cells in CD4+ cells, and the proportion of Tax+CD8+ cells, Tax+ cells in CD8+ cells, 

were slightly lower in ACs with low provirus load than in patients with HAM/TSP.  

However, this was due to the lower number of Tax expressing cells because of the lower 

HTLV-I provirus load in these ACs (Table 1).  Regarding the cytokine production, the 

proportion of total IFN- TNF- and IL-4 producing cells in PBMC or in 

non-Tax-expressing cells did not differ significantly between ACs with lower HTLV-I 
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provirus load and HAM/TSP patients.  Although IFN-+Tax+ cells constituted 0.119% 

of PBMCs in HAM/TSP patients and 0.048% in ACs, and was slightly higher in 

HAM/TSP patients (p=0.04 by Welch’s t-test), the proportion of IFN- producing cells 

in Tax producing cells was 4.48% in HAM/TSP patients and 4.14% in ACs and did not 

differ significantly (p=0.77 by Student’s t-test).  The fluorescence intensity of IFN-+ 

cells in Tax- cells did not differ between HAM/TSP patients, ACs with low HTLV-I 

provirus load and non-HTLV-I infected individuals.   Also, the fluorescence intensity 

of IFN-+ cells in Tax+ cells did not differ between HAM/TSP patients and ACs with 

low HTLV-I provirus load.  Although TNF-+Tax+ cells constituted 0.025% of 

PBMCs in HAM/TSP patients and 0.009% in ACs, and was significantly higher in 

HAM/TSP (p=0.0009 by Welch’s t-test), the proportion of TNF- producing cells in 

Tax expressing cells was 1.511% in HAM/TSP and 1.296% in ACs with lower HTLV-I 

provirus load and did not differ significantly (p=0.69 by Student’s t-test).  The 

fluorescence intensity of TNF-+ cells in Tax- cells did not differ between HAM/TSP 

patients, ACs with low HTLV-I provirus load and non-HTLV-I infected individuals.  

However, the fluorescence intensity of TNF-+ cells in Tax+ cells was significantly 

higher in HAM/TSP patients than in ACs with low HTLV-I provirus load.  Similarly, 

although IL-4+Tax+ cells constituted 0.008% of PBMCs in HAM/TSP patients and 

0.001 % in ACs, and was significantly higher in HAM/TSP (p=0.028 by Welch’s t-test), 

the proportion of IL-4 producing cells in Tax expressing cells was 0.42 % in HAM/TSP 

and 0.16 % in ACs with lower HTLV-I provirus load and did not differ significantly 

(p=0.21 by Student’s t-test).  The fraction of total IL-4 producing cells in the PBMCs 

in non-HTLV-I-infected individuals was significantly lower when compared against 
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ACs with low load (p=0.009).  Also, the fraction of IL-4+Tax- cells among PBMC was 

significantly lower in non-HTLV-I infected individuals when compared against ACs 

with low load (p=0.009).  The fluorescence intensity of IL-4+ cells in Tax- cells did 

not differ significantly between ACs with low HTLV-I load and HAM/TSP patients (p 

= 0.32). (Table2).  

Correlation between IFN- production and IL-4 production Correlation between IL-4 

production and either total IFN- production, or IFN- production in Tax expressing 

cells were tested.  There was a tendency to a negative correlation between IL-4 

production and total IFN- production (regression coefficient (r) = -0.15), but this was 

not statistically significant (p = 0.37).  There was also a tendency to a negative 

correlation between IL-4 production and IFN- production in Tax expressing cells (r = 

-0.23), but this was not statistically significant (p = 0.17).  (Fig 3) 

 

DISCUSSION 

Although HTLV-I provirus load is generally higher in HAM/TSP compared to 

asymptomatic carriers, there are ACs with an HTLV-I virus load as high as typical cases 

of HAM/TSP [8].  We aimed to identify other factors than the high HTLV-I provirus 

load for the development of HAM/TSP by examining the difference between HAM/TSP 

patients and ACs with high HTLV-I provirus load.  Tax is a transactivator protein that 

enhances HTLV-I expression itself, and also a transactivator protein that enhances host 

genes including cytokine genes.  We firstly examined the efficiency of Tax production 

in short-term in vitro culture, because Tax may increase the HTLV-I provirus load by its 

transactivational activity on the viral genome itself, or Tax may also elicit a CTL 
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response.   However, the proportion and the intensity of Tax expressing cells were 

similar between HAM/TSP patients and ACs with high virus load.  There have been 

conflicting reports where one group found that the tax/rex mRNA expression in 

HTLV-I infected cells was nearly the same in HAM/TSP patients and ACs [29], 

whereas others reported that the tax mRNA expression in HTLV-I infected cells was 

higher in HAM/TSP than ACs [30].  Because quantitative PCR methods may have a 

bias especially when very small amounts of DNA or RNA are involved, it will be more 

accurate to detect protein expression in subjects with the same HTLV-I virus load.  

Although our result was obtained after short term in vitro culture, and may not reflect 

the ex-vivo condition, we can say that the capacity of HTLV-I infected cells to produce 

Tax after 12 hours culture did not differ between HAM/TSP and ACs with high 

HTLV-I virus load.  We also examined if there was a difference in the frequency of 

HTLV-I infected CD8+ cells between HAM/TSP and ACs, because HTLV-I has been 

shown to infect not only CD4+ cells but also CD8+ cells ex vivo PBMCs [37, 38].  It 

has also been shown that CD8+ T cells specific to HTLV-I Tax are infected with 

HTLV-I [37].  However, Tax expression in CD4+ cells and in CD8+ cells did not 

differ significantly between HAM/TSP patients and ACs (Table 1). 

We next examined the difference of cytokine expression in association with Tax 

expression.  Inflammatory cytokines such as IFN- and TNF- have been postulated to 

play a role in the pathogenesis of HAM/TSP, and there is a theoretical model that 

predicted that HAM/TSP patients’ T cells would produce more inflammatory cytokines 

than those from ACs at a given provirus load [39].  This prediction has been verified in 

the present study.   Interestingly, a higher production of IFN- was detected in 

HAM/TSP patients than in ACs with a similar high HTLV-I provirus load and this 
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difference was mainly observed in Tax expressing cells. (Fig 2 and Table 2).  One may 

argue that the proportion of IFN- producing cells is lower compared to the previously 

published data [31].  This may be due partly to the small number of samples tested in 

the previous study, and differences in the HTLV-I genotype between the U.K. and Japan 

[40].  Secretion of IFN- by T cells is usually the result of antigen stimulation [41].  

Indeed, IFN- production in CD8 cells is also observed in HTLV-I infected individuals 

as a result of HTLV-I associated antigen stimulation [42].  When blood cells were not 

stimulated, there is little or faint intra-cellular cytokine expression [43].  In our present 

study, HTLV-I-associated antigen stimulation appeared not to contribute to cytokine 

production: Brefeldin A was added at the beginning of culture, and IFN- production in 

Tax expressing cells was not inhibited by anti-MHC class II mAb in experiments using 

the same protocol [31].   These findings suggest that IFN- production is increased in 

HAM/TSP patients not only in CD8 positive cells that respond to HTLV-I associated 

antigen stimulation [42], but also in Tax expressing cells without HTLV-I associated 

antigen stimulation.   CD4+ cells as well as CD8+ positive cells are observed in the 

spinal cord in an active early stage of HAM/TSP, whereas in late stable stage, CD8+ 

cells are mainly observed [44].  It is possible that CD4+ cells which are main reservoir 

of HTLV-I are playing an important role in the pathogenesis of HAM/TSP.   

TNF- producing cells in Tax expressing cells after 12 hours’ culture were 

more frequent in HAM/TSP patients than in ACs with a high virus load.  Although the 

main production of TNF- was observed in non-Tax expressing cells, the fluorescence 

intensity of TNF- positive cells in Tax expressing cells was significantly higher in 

HAM/TSP patients than in ACs regardless of their provirus load.  This suggests that 
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the difference of TNF- production in Tax expressing cell is also one of the factors that 

influences the development of HAM/TSP.   

To examine if low inflammatory cytokine expression in Tax producing cells is 

specific to ACs with high HTLV-I provirus load, we also measured the cytokine 

production in Tax expressing cells in ACs with a lower HTLV-I provirus load.   

Interestingly, the proportion of IFN- and TNF- producing cells among Tax expressing 

cells in ACs with low HTLV-I provirus load was nearly the same that was observed in 

HAM/TSP (Table 2).   This result suggests that although the cytokine expression in 

Tax expressing cells in ACs with low provirus load is as high as HAM/TSP, the total 

amount of cytokine production is less in ACs than HAM/TSP due to the low HTLV-I 

provirus load: the lower cytokine production may help to keep these carriers 

asymptomatic.  In contrast, ACs with high HTLV-I provirus load remains 

asymptomatic, due to the low production of inflammatory cytokines in Tax expressing 

cells.  In conclusion, although a higher viral load is a very important factor for the 

development of HTLV-I associated inflammatory diseases, higher production of IFN- 

and TNF- in Tax expressing cells are additional factors that influence the outcome of 

HTLV-I infection. 

Regarding the mechanism of difference in the production of IFN- we tested if 

IL-4 production was suppressing the IFN- production.  IFN- is a Th1 type cytokine 

and IL-4 is secreted by Th2 cells.  It has been shown that as a regulatory mechanism of 

the immune response, cytokines secreted by Th2 cells may downregulate Th1 cells and 

vice versa [45].  In our study, there was a tendency to a negative correlation between 

IL-4 production and either total IFN- production, or IFN- production in Tax 
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expressing cells, but this was not statistically significant in either case (Fig 3).  

However, interestingly, fluorescence intensity of IL-4 was significantly higher in ACs 

with high HTLV-I provirus load than in patients with HAM/TSP.  Also, the 

fluorescence intensity of IL-4 in ACs with low HTLV-I provirus load did not differ 

against HAM/TSP.  These findings suggest that high production of IL-4 in ACs with 

high HTLV-I provirus load is suppressing IFN- production in Tax expressing cells and 

keeping them asymptomatic.  There is also a report that exogenous addition of 

interleukin-10 (IL-10), which is another Th2 cytokine, decreased IFN- production in 

vitro in HTLV-I infected blood donors [46].  These findings suggest that the amount of 

proinflammatory cytokines produced in Tax expressing cells is not only influenced by 

the viral load, which influences the total amount of cytokines in Tax expressing cells, 

but is also regulated by Th2 cytokines.  We are currently examining the 

polymorphisms in IFN- gene [47] that can be transactivated by Tax [48].   We are 

also examining whether there is a difference in polymorphism in IL-4, IL-10, 

interleukin-18 (IL-18), interleukin-12 (IL-12) [49], IFN- regulatory factors (IRF-1, 

IRF-2) [50], IFN- IFN- [51], IFN- receptor, IFN- receptor genes that can 

influence IFN- production.  
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LEGENDS TO FIGURES 

 
Figure 1. Expression of surface markers (CD4 and CD8) in HTLV-I Tax+ 

PBMCs.  PBMCs were isolated and harvested after 12 hours of cultivation in vitro.  

Representative study of a HAM/TSP patient (upper panel) and an asymptomatic carrier 

with high HTLV-I provirus load (lower panel) are shown.   

 

Figure 2. Detection of IFN-, TNF- and IL-4 expression in Tax expressing 

PBMCs.  Dot plots showing both cytokine and HTLV-I Tax expression in PBMCs 

after 12 hours cultivation in vitro.  Representative study of a HAM/TSP patient (upper 

column) and of an asymptomatic carrier with high HTLV-I provirus load (lower 

column).   

 

Figure 3.  Correlation between IL-4 and IFN- production.  Correlation between 

the percentage of total IL-4 producing cells and the percentage of total IFN- producing 

cells (left column) or the proportion of IFN- producing cells in Tax positive cells (right 

column) are shown.  Closed circles represent HAM / TSP patients, closed triangles 

represent ACs with high HTLV-I load and open triangles represent ACs with low 

HTLV-I provirus load.  Lines in each figure represent regression line.  “r” represent 

regression coefficient. 


