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Objective

We evaluated changes of HTLV-1 proviral loads (PVLs) during treatment for rheumatoid arthritis (RA) and investigated whether these changes affect the clinical course in HTLV-1-positive RA patients.



Methods

A total of 41 HTLV-1-positive RA patients were analyzed. Their clinical picture including disease activity [Disease Activity Score in 28 joints-erythrocyte sedimentation rate (DAS28-ESR), DAS28-CRP, simplified disease activity index (SDAI), and clinical disease activity index (CDAI)] and comorbidity were evaluated over a 2-year period. PVLs from peripheral blood mononuclear cells were investigated by real-time polymerase chain reaction (PCR). We investigated whether HTLV-1 PVLs is altered, or which clinical characteristics affect changes of HTLV1-PVLs during 2-year treatment.



Results

Clinical disease activity was not changed during the 2-year observational period. The mean HTLV-1 PVL value change from baseline to 2 years was -1.2 copies/1000 PBMCs, which was not statistically significant. No baseline clinical characteristics influenced changes in HTLV-1 PVL. However, a numerical change of HTLV-1 PVLs was increased in 4 patients initiating the new biological/targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs) at 2−10 months after starting the new b/ts DMARDs (numerical increase was 24.87 copies/1000 PBMCs). Infection occurred in 4 patients, and 3 of those patients showed an increased HTLV-1 PVL. Univariate analysis revealed an association between increase of HTLV-1 PVL and incidence of infection.



Conclusions

Over 2 years, HTLV-1 PVL did not significantly change in our HTLV-1-positive RA patients. Individual changes in HTLV-1 PVL were correlated with incidence of infection but not disease activity which indicate that we may take precaution toward infection at the uptick of HTLV-1 PVL in HTLV-1-positive RA patients.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disease characterized by symmetrical joint inflammation that results in progressive joint destruction. Treatments efficacy for RA have been changed by biological and targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs), currently, the use of which enables patients to achieve low diseases activity in up to 40% and remission in up to 20% (1). However, when using such immunosuppressive agents, the risk of infection must always be considered. Increasing numbers of infection-related adverse events with use of b/tsDMARDs have been reported, including reactivation of latent viruses (2).

Human T-cell leukemia virus type 1 (HTLV-1) is an exogenous retrovirus and the etiological agent of adult T-cell leukemia (ATL) and HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM) (3). It infects 10-20 million people worldwide, with endemic regions in Japan, the Caribbean islands, south America and west Africa (4). In Japan, the nationwide estimate of the number of HTLV-1 carriers is at least 1.08 million, and the annual incidence of new infections by HTLV-1 is estimated at 3.8 per 100000 persons (5). HTLV-1 establishes lifelong latency in human T cells, and the lifetime risk of HTLV-1-infected individuals to develop ATL is estimated at 4 to 7% (6).

Since immunosuppressive agents can weaken host immunity, there have been questions as to whether treatment of HTLV-1 infected RA patients with immunosuppressive agents increases their risk of ATL/HTLV-1 associated disease development. Indeed, several cases in which ATL developed during treatment for RA have been reported. The patients in these cases had been treated by various DMARDs including methotrexate (MTX), abatacept and etanercept (7–10).

And, there is a possibility that HTLV-1 infection affects the clinical character of RA. Previously, we conducted a detailed investigation about the clinical features of HTLV-1-infected RA patients (11). That study revealed that the HTLV-1 proviral load (HTLV-1 PVL) was higher in patients with comorbidities of bronchiectasis, malignancies, and opportunistic infectious disease, as compared patients to without comorbidities. And there was no significant difference in HTLV-1 PVLs among types of b/tsDMARDs. However, that study was just a cross-sectional study. To elucidate the influence of HTLV-1 infection upon the incidence of other infections, which the cross-sectional study suggested to be related, and the influence of b/tsDMARDs on HTLV-1 PVL, a longitudinal study focused on changes of HTLV-1 PVL was needed. Here, we longitudinally measured HTLV-1 PVLs in daily clinical practice and analyzed the relations with the clinical course of RA including the incidence of infection and treatment response.



Patients and Method


Study Design and Patients

This is a single center prospective study comprising HTLV-1-positive RA patients at Sasebo Chuo Hospital in the Nagasaki prefecture in Japan, conducted from December 2017 to April 2020. The patients gave their informed consent to be subjected to the protocol, which was approved by the Institutional Review Board of Sasebo Chuo Hospital (IRB approval no. 2017-23 and 2018-05). Figure 1 show the study flowchart. The patients included in this analysis were enrolled in our previous study (11). In that study, we recruited 1285 patients whose diagnosis of RA had been made at Sasebo Chuo Hospital between December 2017 and April 2018. Among 1285 RA patients, 1170 patients negative on HTLV-1 screening as well as 32 HTLV-I-positive RA patients who did not agree to participate were excluded. As a result, the remaining 83 HTLV-I-positive RA patients participated the study. A chemiluminescent immunoassay (CLIA) (ARCHITECT® HTLV, Abbott Japan, Tokyo, Japan) was used for an HTLV-1 screening test and a line immunoassay (LIA) (INNOLIA HTLV-1/11; Fujirebio, Europe NV, Belgium), was used for confirmation of HTLV-1 infection. Among these 83 patients, 22 patients were excluded because of low HTLV-1 PVL value [<1.9 copies per 1000 PBMCs; which indicated the lowest quartile level of PVLs in the previous study (11)] at baseline, and 10 patients did not agree to participate the study, remaining 51 patients who provided informed consent to participate in the present study were enrolled. Among enrolled patients 10 patients dropped out of the study because of 1 data missing, 8 transfer to other hospitals and 1 withdrawal of consent. Finally, we analyzed 41 patients in the study.




Figure 1 | Flowchart for study sample. RA, rheumatoid arthritis; HTLV-1 PVL, Human T-cell leukemia virus type 1 proviral load; PBMCs, peripheral blood mononuclear cells.



All patients had a diagnosis of RA based on the 1987 American College of Rheumatology (ACR) classification criteria for RA or the 2010 ACR/European League against Rheumatism (EULAR) classification criteria for RA. We collected the enrolled patients’ data at the time of the first measurement of HTLV1-PVL, including the disease-modifying antirheumatic drugs (DMARDs) use history, their disease duration, positivity of rheumatoid factor (RF) and anti-citrullinated protein antibodies (ACPA), and concomitant medications. The incidence of infection and development of HTLV-1-associated disease such as ATL were evaluated during a two-year follow-up period. Information about any changes of b/tsDMARDs was also collected during the study period.



Clinical Assessment

The patients’ clinical disease activity was assessed using the Disease Activity Score in 28 joints-erythrocyte sedimentation rate (DAS28-ESR), the Disease Activity Score in 28 joints-C-reactive protein (DAS28-CRP), simplified disease activity index (SDAI), and clinical disease activity index (CDAI) at baseline and 6, 12, 18 and 24 months after the first measurement of HTLV-1 PVL. The incidence of infections reported by the patients as well as on the findings of physical examinations were also assessed.



Quantification of HTLV-1 PVL

Genomic DNA was obtained from samples by standard proteinase K treatment. To quantify the proviral load, we performed real-time PCR as described previously (12). The primers for exon 3 of the HTLV-1 tax gene were 5’-GAAGACTGTTTGCCCACCACC-3’ and 5’- TGAGGGTTGAGTGGAACGGA-3’, and the probe was 5’-CACCGTCACGCTAACAGCCTGGCAA-3’. Genomic DNA (500 ng) was used for real-time PCR in a 50-μl reaction solution prepared with TaqMan Universal PCR master mix (Applied Biosystems, Foster City, CA). The amplification conditions were 50°C for 2 min, 95°C for 10 min, and then 40 cycles of 15 s at 95°C followed by 60 s at 60°C. All experiments were performed and analyzed using the ABIPRISM 7700 sequence detection system (Applied Biosystems). To measure cell equivalents in the input DNA, the recombination activating gene 1 (RAG-1) coding sequence in each sample was also quantified by real-time PCR. The sequences of the primers for RAG-1 exon 2 detection were 5’-CCCACCTTGGGACTCAGTTCT-3’ and 5’-CACCCGGAACAGCTTAAATTTC-3’, and the probe was 5’- CCCCAGATGAAATTCAGCACCACATA-3’. Amplification conditions were the same as those for the tax gene. The probes were labeled with fluorescent ‘6-carboxyfluorescein (reporter) at the 5’ end and fluorescent 6-carboxytetramethyl rhodamine (quencher) at the 3’ end. ATLL samples were analyzed in duplicate. The DNA of freshly purified ATLL cells, which harbor one copy of the HTLV-1 provirus, and the proviral load were used as positive controls. The proviral load was given the value of 100% when used as point of comparison.



Statistical Analysis

GraphPad prism software (GraphPad Software, San Diego, CA) and JMP Statistical Software (SAS Institute, Cary, NC) were used for statistical analysis. Normal distribution of the data was confirmed using the Kolmogorov-Smirnov test. The distribution of baseline variables and proportion of disease activity in different patient subgroups were examined by Mann-Whitney U test and chi-square test. The Student’s paired t-test (for parametric data) or Wilcoxon signed rank test (non-parametric data) were used to detect statistically significant differences in HTLV-1 PVL change, inflammatory markers and disease activity. The Kruskal-Wallis test was used to compare baseline characteristics and disease course including incidence of infection and to estimate changes of disease activity among patient subgroups. Univariate analyses were used to identify factors contributing to the incidence of infection; our data were judged to be too few to perform multivariate analyses. All data are expressed as means ± standard deviations (SDs). P-values less than 0.05 were considered to indicate statistical significance.




Results


Baseline Characteristics

A total of 41 patients were analyzed in this study. The patients’ baseline demographic and clinical characteristics are summarized in Table 1. The mean age of patients was 67.9 ± 11.8 years, and most of the subjects were women (75.6%). The mean duration from RA onset to enrollment was 12.5 ± 10.4 years. The disease activity was relatively well controlled, i.e, the mean DAS28-ESR, DAS-CRP, SDAI and CDAI were 3.17 ± 1.09, 2.32 ± 0.90, 7.11 ± 6.23 and 6.96 ± 6.14, respectively. Except one patient, patients were prescribed MTX (n=34), b/tsDMARDs (n=10), and other conventional synthetic (cs) DMARDs (n=18). Concomitant use of an oral steroid was present in 17 patients.


Table 1 | Clinical characteristics of the study population.





Clinical Course During Observational Period

Clinical disease activity as indicated by the DAS28-ESR, DAS28-CRP, SDAI, and CDAI, and the inflammatory markers were evaluated at baseline and 6, 12, 18 and 24 months after enrollment (Table 2). Although the disease activity showed a tendency to increase during the observational period, this increase was not statistically significant. Inflammatory markers did not change. Therapeutic regimens remained constant in almost all patients; however, new b/tsDMARDs (etanercept, tocilizumab and certolizumab pegol) were initiated in 3 patients (1 patient was DMARDs naïve and 2 patients had been treated by MTX) and the b/tsDMARD (tofacitinib) was switched in 1 patient (this patients had been treated by MTX). Infections were observed in 4 patients, and the infections were cystitis, pyelonephritis, sinusitis and cellulitis (onsets were 4-18months after enrollment, the causal agents were not identified, and one patient was hospitalized by cellulitis.). No ATL or other HTLV-1 related disease such as HAM developed in any patient during study period.


Table 2 | The changes of disease activity and inflammatory markers.





Changes in HTLV-1 PVL Value

Figure 2 illustrates the changes in HTLV-1 PVLs over the two-year study period (The square root transformed data for reducing the skewness of raw data are also illustrated). The mean HTLV-1 PVL values at baseline, 1 and 2 years after enrollment were 44.8, 39.1 and 46.0 copies per 1000 PBMCs, respectively. There were no statistically significant changes in HTLV-1 PVLs. We also analyzed the total lymphocyte count because the number of lymphocytes affects to the PVL values on PBMC. The lymphocyte subsets were no changed during study period (mean lymphocytes percentage of total white blood cells at baseline, 1 and 2 years after enrollment were 27.5, 28.3 and 28.6, respectively). In 24 patients, HTLV-1 PVLs increased over the 2 years whereas levels decreased in 16 patients. We explored the baseline characteristics that were associated with these two groups (PVLs increase or decrease) by performing univariate analysis (Supplementary Table S1). No baseline characteristics including b/ts DMARDs use was associated with changes of HTLV-1 PVLs. Regarding newly initiation of b/ts DMARDs, the mean HTLV-1 PVL values was increased after initiation of b/ts DMARDs. Four patients started new b/ts DMARDs during the study period without changing dose of concomitant oral steroid (newly introduction in 3 patients, switching in 1 patient, respectively as described above). The mean HTLV-1 PVL values of these 4 patients increased from 78.13 ± 108.2 copies/1000 PBMCs before initiating the new b/ts DMARD to 103.0 ± 149.0 copies/1000 PBMCs at about 2−10 months after starting the new b/ts DMARD.




Figure 2 | Time course of HTLV-1 PVL over 2 years. (A) Raw data of proviral load. The mean HTLV-1 PVL are expressed under the graph. (B) Square-root transformed values of the raw proviral load. HTLV-1 PVL, Human T-cell leukemia virus type 1 proviral load; PBMCs, peripheral blood mononuclear cells.





Comparison of Clinical Character and Clinical Course by Changes in HTLV-1 PVLs

To investigate whether changes in HTLV-1 PVLs affect the clinical course of RA during a two-year period, we divided the patients into quartile categories based on the change (Δ) in HTLV-1 PVL values from baseline at the 2-year point. Baseline characteristics investigated including b/tsDMARDs used at treatment and concomitant use of PSL were not different among these 4 groups (Table 3). No remarkable change of disease activity score during observation period was observed in any of the 4 groups, and changes were not different among the ΔHTLV-1 PVLs quartile groups. During the study period, infections were experienced by 4 patients. Three of the 4 patients were in Quantile 4 group (ΔHTLV-1 PVL from at 2 years to at baseline was >9.6 copies/1000 PBMCs). This result suggested that an increase of HTLV-1 PVL might indicate risk of infection.


Table 3 | Comparison of baseline variables and clinical course by changes of HTLV-1 PVL values.





Factors Related to Infection in HTLV-1-Positive RA Patients

As revealed by above analysis, the changes in HTLV-1 PVL were correlated with the incidence of infection. To confirm this result, we next investigated which factors are specifically related with incidence of infection in HTLV-1-positive RA patients.

Table 4 shows the factors associated with the incidence of infection during the study period in HTLV-1-positive RA patients in a univariate logistic analysis. Among the various factors such as b/tsDMARD used, PSL use and age, univariate analysis indicated that only the change of HTLV-1 PVL was associated with the incidence of infection.


Table 4 | Univariate analysis for correlates of incidence of infection.






Discussion

We evaluated the clinical course of HTLV-1-positive RA patients and investigated the relation of that course with changes of HTLV-1 PVLs over a two-year period. The results of this study showed that disease activity was not associated with the status of HTLV-1 PVL, but the incidence of infection was associated with the increase of HTLV-1 PVL.

Overall, the mean value of HTLV-1 PVLs in this study was not significantly changed during the observational period. This result is similar with those of a previous report by Umekita et al. (13). They reported that the median HTLV-1 PVL value at baseline was 0.45 copies per 100 WBCs, and that value at two years after baseline was 0.46 copies per 100 WBCs (It has been estimated that values of PVL per WBCs is almost 2.5 fold lower as compared with that per PBMCs) (14). Although the mean value of HTLV-1 PVLs also did not significantly change, HTLV-1 PVLs did increase in some of our patients (Q4 in Table 2). Baseline characteristics including b/tsDMARD use and disease activity of those patients were not different from those of patients showing no increase of HTLV-1 PVL. However, after initiation of new b/tsDMARDs, HTLV-1 PVLs tended to increase in the present study. Considering these results, HTV1-PVL might increase in the short term (about 1-2 year) after the initiation of a b/tsDMARD and then level off. To confirm this hypothesis, we should investigate the time sequence analysis of HTLV-1 PVLs for a longer period in the future.

The infections were most frequently seen in the patients with increase of HTLV-1 PVL in this study. Moreover, univariable analysis indicated the increase of HTLV-1 PVL as a risk factor of infection in HTLV-1 PVL positive RA patients. HTLV-1 infection has been considered to contribute to the risk of infections because HTLV-1 causes T-cell dysfunction (15). For example, fewer numbers of naïve T lymphocytes in both CD4 + and CD8+ subpopulation were reported in HTLV-1 carriers (12). Experiments using an HTLV-1-infected mice model revealed that CD4+FOXp3+ regulatory T cells were increased and the IFN-γ response by CD8+ T Cells was limited due to PD-1 elevation (16). Furthermore, an increase in the CD4+CD25+ suppressor phenotype seen in HTLV-1-infected individuals was associated with an immunosuppressive state (17). Yanagihara et al. reported that expression of PD-1, PDL-1 on cytotoxic T lymphocytes was one possible mechanism for the high incidence of opportunistic infections in HTLV-1-infected patients (18). In fact, in clinical practice, high incidence rates of opportunistic infections such as strongyloidiasis, P. jirovecii pneumonia, tuberculosis and cytomegalovirus have been reported in HTLV-1-infected patients (19–23). High incidence of infection in HTLV-1-infected patients was also observed in RA. Hashiba et al. reported that the incidence rate of serious infection is higher in HTLV-1-positive RA patients compared to that in HTLV-1 negative RA patients (11.1 per 100 person-year vs 6.37 per 100 person-year, respectively) (24).

However, the relation of the change of PVL with the risk of infection was not elucidated by these previous studies. Our study is the first report to show an association between increase of HTLV-1 PVL and incidence of infection. This result suggests that T cell dysfunction caused by HTLV-1 infection becomes more significant as the HTLV-1 viral load increases. Our data showed that HTLV-1 PVLs increased after new b/tsDMARD initiation. Taken together, physicians should observe HTLV-1-positive RA patients with special caution for infection in the first 2 years or more after initiation of a b/tsDMARD.

No patient developed ATL or HTLV-1 related disease such as HAM, HTLV-1 uveitis in this study. Although immunosuppressive states have possibility to increase HTLV-1 PVL, it still remains unclear whether immunosuppressive agents affect the development of ATL in HTLV-1 carrier patients. In our previous study over a 24-week observational period, no ATL was developed among 50 HTLV-1-positive RA patients treated with a TNF-inhibitor and 27 HTLV-1-positive RA patients treated with a non-TNF-inhibitor (25, 26). Moreover, a 4-year observational study conducted by Umekita et al. also reported no ATL cases among HTLV-1-positive RA patients treated by various DMARDs (13). On the other hand, it has been reported that several patients developed ATL while receiving immunosuppressive treatments including bDMARDs (7, 9). In addition, development of ATL or HAM was observed after allogenic hematopoietic stem cell transplantation and renal transplantation who received immunosuppressive regime (27, 28). Several factors such as aging, high HTLV-1 PVL values, a family history, and a variety of genetic alterations that would relate to HTLV-1 oncogenesis have been reported as risk factors for development of ATL (5, 29). Besides immunosuppressive treatment, these risk factors might be more important for development of ATL in HTLV-1-positive RA patients. Thus, in the future we should investigate whether the immunosuppressive treatment shows a synergistic effect for development of HTLV-1-related disease in patients who have these risk factors.

Changes in HTLV-1 PVLs did not affect the disease activity of RA, and the disease activity of enrolled HTLV-1-positive RA patients was not significantly changed during the observational period. This result is similar with those of other studies. The above-mentioned 4-year observational study conducted by Umekita et al. showed no significant change of disease activity or HTLV-1 PVLs, and Endo et al. reported that the treatment response to non-TNF inhibitors was no different between HTLV-1 antibody-positive and -negative patients (13, 26). However, there is a possibility of lower efficacy of treatment, for instance with b/tsDMARDs, in HTLV-1-positive compared to -negative RA patients because HTLV-1 infection of T-cells and synovial fibroblasts has been shown to induce enhanced production of cytokines such as TNF-α, IL-1α (30–32). In fact, another cohort study reported reduced effectiveness of TNF inhibitors in HTLV-1 antibody-positive RA patients (25).

Several limitations of this study must be mentioned. The number of patients was small, and the number who initiated new b/tsDMARDs was even smaller. To confirm the tendency we found for the increment of HTLV-1 PVLs after initiation of b/tsDMARDs, a larger sample size is needed. Moreover, due to small number of infection cases, we could not perform multivariate logistic regression analysis to detect statistically related factors. Although this is the first study to show the possibility of increasing HTLV-1 PVL as a risk factor for infection, multivariable analysis with larger samples is important to rule out confounding factors. And we excluded the patients with low HTLV-1 PVL value because the PVL values in the patients with low PVL value at baseline had shown very little change during years in our previous experiences in clinical practice and we thought low PVL might less affect to clinical course of RA. So, the relation of changes in HTLV-1 PVL with clinical course of RA in RA patients with very low HTLV-1 PVL value remains unclear. Finally, with regard to the development of ATL, the study period of this study was relatively short. A very long latency period, as long as 50 years after HTLV-1 exposure, precedes ATL (33). Therefore, the duration of this study was insufficient for evaluating the risk of developing ATL.

In conclusion, our present study demonstrated that in most of our HTLV-1-positive RA patients, HTLV-1 PVLs did not significantly changed during treatment and the changes in HTLV-1 PVLs did not affect the treatment response. However, the increase of HTLV-1 PVL was suggested to be related to the incidence of infection; thus, we should take special precautions against infection when HTLV-1-positive RA patients show an uptick of their HTLV-1 PVL.
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