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Abstract
Background: HTLV-1-Associated Myelopathy/Tropical Spastic Paraparesis (HAM/TSP) is an
incapacitating neuroin�ammatory disorder for which no disease-modifying therapy is available, but
corticosteroids provide some clinical bene�t. Although HAM/TSP pathogenesis is not fully elucidated,
older age, female sex and higher proviral load are established risk factors. We investigated systemic
cytokines and a novel chronic in�ammatory marker, GlycA, as possible biomarkers of
immunopathogenesis and therapeutic response in HAM/TSP, and examined their interaction with
established risk factors.

Patients and Methods: We recruited 110 People living with HTLV-1 (PLHTLV-1, 67 asymptomatic
individuals and 43 HAM/TSP patients) with a total of 946 person-years of clinical follow-up. Plasma
cytokine levels (IL-2, IL-4, IL-6, IL-10, IL-17A, IFN-γ, TNF) and GlycA were quanti�ed by Cytometric Bead
Array and 1NMR, respectively. Cytokine signaling and prednisolone response were validated in an
independent cohort by nCounter digital transcriptomics. We used multivariable regression, machine
learning algorithms and Bayesian network learning for biomarker identi�cation.

Results: We found that systemic IL-6 was positively correlated with both age (r=0.50, p<0.001) and GlycA
(r=0.45, p=0.00049) in asymptomatics, revealing an ‘in�ammaging” signature which was absent in
HAM/TSP. GlycA levels were higher in women (p=0.0069), but cytokine levels did not differ between the
sexes. IFN-γ (p=0.007) and IL-17A (p=0.0001) levels were increased in untreated HAM/TSP Multivariable
logistic regression identi�ed IL-17A and proviral load as independent determinants of clinical status,
resulting in modest accuracy of predicting HAM/TSP status (64.1%), while a machine learning-derived
decision tree classi�ed HAM/TSP patients with 90.7% accuracy. Pre-treatment GlycA and TNF levels
signi�cantly predicted clinical worsening (measured by Osame Motor Disability Scale), independent of
proviral load. In addition, a poor prednisolone response was signi�cantly correlated with higher post-
treatment IFN-γ levels. Likewise, a transcriptomic IFN signaling score, signi�cantly correlated to
previously proposed HAM/TSP biomarkers (CASP5/CXCL10/FCGR1A/STAT1), was e�ciently blunted by
in vitro prednisolone treatment of PBMC from PLHTLV-1 and incident HAM/TSP.

Conclusions: An age-related increase in systemic IL-6/GlycA levels reveals in�ammaging in PLHTLV-1, in
the absence of neurological disease. IFN-γ and IL-17A are biomarkers of untreated HAM/TSP, while pre-
treatment GlycA and TNF predict therapeutic response to prednisolone pulse therapy, paving the way for
a precision medicine approach in HAM/TSP.

Introduction
Human T-cell Lymphotropic Virus type-1 (HTLV-1) is unique as it is both oncogenic [1, 2] and capable of
triggering HTLV-1-Associated Myelopathy/Tropical Spastic Paraparesis (HAM/TSP) and other
in�ammatory diseases [3–5]. Worldwide, 10 million people are estimated to be living with HTLV-1
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(PLHTLV-1) [3], of which 1–2% develop HAM/TSP, an incapacitating, progressive neuroin�ammatory
disorder [4, 5].

Currently, no disease-modifying therapy is available for HAM/TSP but corticosteroids and other
immunomodulators (IFN-α, methotrexate, cyclosporin) provide some clinical bene�t [4–6]. Moreover, we
recently demonstrated HAM/TSP is an independent predictor for early mortality among PLHTLV-1 [7]. As
such, validated biomarkers to predict and/or monitor disease progression for PLHTLV-1 and therapeutic
outcome in HAM/TSP patients are direly needed [8].

Acute in�ammation is routinely measured by systemic cytokines, while glycoprotein acetylation (GlycA)
represents a novel marker for chronic in�ammation, which reliably predicts long-term outcomes of
in�ammatory and infectious diseases in patient cohorts or large prospective population studies [9–12].
Up to now, GlycA has not been explored in HTLV-1 infection or HAM/TSP. Lifelong chronic infection with
other latent viruses (CMV and HIV) causes long-term activation of the immune system over time,
contributing to in�ammaging [13]. Although extensively described in people living with HIV-1 [14.15], data
on in�ammaging are lacking in PLHTLV-1. Therefore, we investigated pro- and anti-in�ammatory
cytokines and GlycA as possible biomarkers of in�ammaging, immunopathogenesis and therapeutic
response in HAM/TSP, using unique samples from a large cohort of PLHTLV-1 with an exceptionally long
clinical follow-up (range 2–20 years).

Patients And Methods

Cohort characteristics, patient recruitment and sampling
strategy
From and ongoing open cohort study researching the natural history of HTLV-1 infection [7], we selected
all �rst available plasma samples (closest to recruitment into the cohort) from patients with de�nite
HAM/TSP before treatment, as well as age- and gender-matched �rst available samples (closest to
recruitment into the cohort) of PLHTLV-1 who were neurologically asymptomatic (AS) during clinical
follow-up (study period: August 1997 to December 2019). All volunteers underwent serological screening
for HTLV-1 at the “Emilio Ribas” Institute of Infectious Diseases, using GOLD ELISA HTLV-1/ 2 (Diasorin,
UK), followed by con�rmation with Western Blot (MP Diagnostics, HTLV Blot 2.4®) and in-house nested
PCR [16]. Paired follow-up samples were obtained after methylprednisolone pulse therapy for 38
HAM/TSP patients. Blood samples were collected in K3-EDTA (0.054 ml/tube), plasma was separated by
centrifugation (15 min, 2500 rpm) and PBMC were puri�ed by Ficoll density gradient centrifugation (GE
Healthcare Life, USA ). Cells were washed with saline solution, the cell number was adjusted to 106 cells,
followed by storage (as “dry pellet”) at -80°C. DNA was extracted using a commercial kit (Illustra Tissue
and Cells Genomic Prep Mini Spin kit, Fair�eld, CA) according to the manufacturer’s instructions, and
stored at -80°C.

Quanti�cation of HTLV-1 proviral load (PVL)
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HTLV-1 proviral load was quanti�ed by real-time PCR, using primers and probes targeting the HTLV-1 pol
gene, with the human albumin gene as internal reference, as described previously [16]. All samples were
analyzed in duplicate, and results expressed as HTLV-1 DNA copies/106 PBMCs.

Neurological evaluation and HAM/TSP diagnosis
PLHTLV-1 were classi�ed in two groups according to their neurological status: 67 asymptomatic HTLV-1-
infected individuals and 43 HAM/TSP patients, of which 38 provided paired samples after treatment with
methylprednisolone (1g intravenously, every 45 days). HAM/TSP diagnostic criteria was based on
recommendations from an international consortium [17]. Clinical evaluation and a standardized
screening neurological examination were performed by a board-certi�ed neurologist, blinded for HTLV-1
clinical status for all subjects. For clinical follow-up, the Osame Motor Disability Scale was used, ranging
from 0 (no walking or running disabilities) to 13 (cannot even move toes).

Plasma cytokine levels
Concentrations of plasma (undiluted) cytokines were measured using the CBA (Cytometric Bead Array, BD
Biosciences) Human Th1/Th2/Th17 Cytokine Kit, including Interleukin-2 (IL-2), Interleukin-4 (IL-4),
Interleukin-6 (IL-6), Interleukin-10 (IL-10), Tumor Necrosis Factor (TNF), Interferon-γ (IFN-γ), and
Interleukin-17A (IL-17A), in accordance with the manufacturer’s instructions.

GlycA (Glycoprotein Acetyl) quanti�cation in plasma
GlycA concentration was quanti�ed using the Nightingale Health Ltd. high-throughput metabolomics
platform (Helsinki, Finland), as previously described [9]. Brie�y, a 1H-NMR spectrum is taken from 350 µl
of plasma, with the area under the peak measured at approximately 2 ppm quantifying signal originating
from N-acetyl sugar groups present on acute phase glycoproteins (α-1-acid glycoprotein, α-1-antitrypsin,
α-1-antichymotryspin, haptoglobin, transferrin).

Data collection and Quality Control
Data entry in the electronic database RedCap [18] was performed by two administrative assistants, and
subsequently checked by the �rst and last author.

Ethical Issues
The Ethical Board of “Instituto de Infectologia Emilio Ribas”, Sao Paulo-Brazil, approved the protocol
(Number 07688818.2.1001.0061). Signed informed consent was obtained from all participants prior to
study inclusion.

Digital transcriptomics and biological pathway analysis
Digital transcriptomic analysis (nCounter, Nanostring Technologies) and biological pathway analysis of
in vitro prednisolone response was performed as previously described [19, 20], using the Myeloid/Innate
Immunity Panel, consisting of > 750 host genes, as well as customized HTLV-1 Hbz and Tax probes.
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Speci�c cytokine signaling scores were calculated as z-scores of the geometric mean of a set of curated
transcripts (Suppl. Table 2) for each cytokine or cytokine family (IL-10, IFN, IL-17, IL4/IL-13, IL-2 family).
PBMCs were obtained from an independent, previously characterized cohort of PLHTLV-1 (4
asymptomatic, 4 HAM/TSP patients), as well as age-, gender- and ethnicity-matched healthy controls (n = 
4) from the HOST study [21].

Statistical analysis, Machine Learning and Bayesian
Network analysis
Statistical analysis was performed using XLStat and GraphPad Prism version 9, San Diego, CA). Logistic
regression and non-parametric statistical tests (Mann–Whitney, Wilcoxon tests, Spearman correlation)
were used, except for Maximal Osame Motor Disability Score (which followed normal distribution,
ANOVA), with Bonferroni correction for multiple comparisons as indicated in the text. For prednisolone
response in vitro, one sample t test was used to compare groups to the mean value of incident HAM/TSP,
since numbers (4 in each group) were too small to apply generalized linear mixed models. Machine
learning algorithms (attribute selection, J48 and PART decision trees) were applied using Weka (version
3.8.4). Bayesian network analysis was performed as previously described [22].

Results
Age and gender differentially affect cytokines and GlycA in people living with HTLV-1, independent of
proviral load

As shown in Table 1, HAM/TSP patients were age- and gender-matched to HTLV-1-infected controls
without neurological symptoms (asymptomatics, AS), while proviral load was increased in HAM/TSP, as
expected [4, 5]. Since age and gender are major determinants of HAM/TSP pathogenesis, as disease
onset usually occurs after several decades and women are more affected [4, 5], we investigated if
cytokines or GlycA were linked to these demographics, in the absence or presence of neuroin�ammation.
Biological sex did not in�uence systemic cytokine levels (data not shown), whereas both IL-6 (Spearman’s
r = 0.36, p = 0.00018) and IL-10 (r = 0.22, p = 0.021) were positively correlated with age in PLHTLV-1
(Fig. 1A-1D). Surprisingly, this age-dependent cytokine increase was speci�c to AS (r = 0.50, p < 0.0001,
Fig. 1B-1E), and absent in HAM/TSP (Fig. 1C-1F). In contrast, chronic in�ammation marker GlycA did not
correlate with age (p = 0.12), but was higher in females (p = 0.0069, Fig. 1G). Among all cytokines, only IL-
6 was signi�cantly correlated to GlycA in AS (Fig. 1H, p = 0.00049, r = 0.45) but not HAM/TSP patients (p 
= 0.16), revealing an “in�ammaging” signature which was surprisingly limited to PLHTLV-1 without
neuroin�ammatory disease. Correlations of IL-6 with age and with GlycA remained signi�cant after
Bonferroni correction for multiple testing, while IL-10 correlation with age was not. Of note, none of the
cytokines nor GlycA were signi�cantly correlated to proviral load (Fig. 1I and not shown), but a tendency
was observed for IFN-γ (Fig. 1I, r = 0.20, p = 0.054).
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Table 1
Principal characteristics of study participants (AS vs. HAM/TSP)

Variables Asymptomatics HAM/TSP P valuea

Gender n (%)     0.24

Male 20 (30.8) 14 (31.1)  

Female 47 (68.2) 29 (68.9)  

Age (years) in entry of cohortb      

Median (± SD) 51 (13) 48 (13) 0.40

Time Follow-up (years)      

Median (± SD) 8.6 (5.7) 8.6 (3.7) 0.37

Range (min-max) 1.5–20.8 1.5–18.6  

HTLV-1 Proviral Loadc      

Median

(95% CI)

3,845

(839 − 18,953)

28,184 (14,464 − 53,864) 0.0007

aStatistical tests: Chi-square for categorical variables, Mann-Whitney test for numerical variables.

bAge missing for 1 HAM/TSP

c HTLV-1 DNA copies/106 PBMCs, proviral load missing for 10 AS and 4 HAM/TSP

Pro-in�ammatory cytokines IFN-γ and IL-17A are
biomarkers of untreated HAM/TSP
When comparing cytokine levels between clinical groups, we observed a signi�cant increase in IFN-γ (p = 
0.007) and IL-17A (p = 0.0001) in HAM/TSP patients, as compared to AS, while other cytokines and GlycA
did not differ (Fig. 2A). Using logistic regression (detailed in Suppl. Table 1), we found that IL-17A and
proviral load were independently associated with clinical status, consistent with a weak correlation
between IFN-γ and proviral load (Fig. 1I). However, logistic regression resulted in low classi�cation
accuracy for HAM/TSP patients, as only 25/39 (64.1%) were correctly classi�ed, in contrast to 49/57
(86.0%) of correctly predicted AS (ROC AUC 0.85). Therefore, we used machine learning algorithms to
improve classi�cation, which revealed a decision tree (Fig. 2B) classifying 39/43 HAM/TSP and 58/67
AS, respectively with 90.7% and 86.6% accuracy (ROC AUC 0.87). Among the �rst branches in this
decision tree are IL-17A and IL-10, con�rming previous �ndings in a UK cohort [23].

Bayesian networks are graphical models that are widely used in systems biology to depict genes/proteins
as nodes and connections between genes as edges, based on both linear and non-linear associations
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between the nodes. Thus, network connections in Bayesian networks have been demonstrated to
accurately capture the functional and mechanistic relationship of genes/proteins that can inform on
disease mechanisms and help de�ne composite sets of molecular markers [24–26]. Therefore, we used
Bayesian network learning to identify direct vs. indirect associations between cytokines, GlycA, clinical
and demographic data, similar to previous analysis in HTLV-1-associated leukemia [22]. As shown in
Fig. 2C, only IL-17A was directly connected to clinical status, while all other cytokines were ‘upstream’ of
IL-17A. This Bayesian network revealed a direct link between GlycA and IL-6, whereas the observed
correlation between age and IL-6 (Fig. 1A-B) appears dependent on TNF and IFN-γ, the latter directly
in�uencing GlycA. IFN-γ was found upstream of all other cytokines and, consequently, of disease status,
which underscores the previously identi�ed IFN gene signature in HAM/TSP [27]. Of interest, in this
unsupervised model, proviral load was not signi�cantly associated with the other parameters and hence
absent from the network.

Systemic cytokines and GlycA are biomarkers of
corticosteroid therapeutic response in HAM/TSP
Next, we investigated if cytokines and GlycA might be candidate biomarkers for therapeutic response in
HAM/TSP patients. In this cohort, all eligible patients were uniformly treated with intravenous
methylprednisolone pulse therapy, which allowed unbiased comparisons before and after treatment.
Patients with > 1 year pulse therapy follow-up were classi�ed as responders (n = 13) and non-responders
(n = 25), based on changes in Osame Motor Disability Score (decrease or ≤1: responders, increase > 1:
non-responders). All patients signi�cantly decreased IL-17A levels after treatment (Fig. 3A, p = 0.013),
while strong variability but no directionality was observed for any other cytokine, nor for GlycA (Fig. 3A).
However, prednisolone-responders displayed lower IFN-γ levels after treatment (p = 0.010, Fig. 3B). In
addition, pre-treatment TNF levels were signi�cantly associated with therapeutic outcome (Fig. 3B, p = 
0.011). Likewise, pre-treatment GlycA levels were able to predict therapeutic response, (measured by
quantitative changes in Osame Motor Disability Score), either by itself (Fig. 3C, left panel) or as a
combined TNF/GlycA score (Fig. 3C, right panel). Multivariable linear regression (Suppl. Table 2)
con�rmed both TNF and GlycA as independent predictors of disability progression. This �nding, in
addition to GlycA’s relative stability over time [9–11], underscores the potential of GlycA as a novel and
clinically useful biomarker in HAM/TSP.

Transcriptomic validation of cytokine signatures in PLHTLV-
1 and incident HAM/TSP
To con�rm and extend our �ndings of cytokine signatures at the protein level (Fig. 1–4), we used digital
transcriptomics (nCounter) to provide broader mechanistic insight into the downstream cytokine
signaling pathways [19, 20] mediating HAM/TSP disease progression, and the effect of prednisolone
treatment in vitro. From a well-characterized US cohort of PLHTLV-1 [21], we selected 4 AS and 4
HAM/TSP patients (including the only two incident HAM/TSP cases from the entire HTLV-1 cohort), and
age-, gender- and ethnicity-matched healthy controls (n = 4). First, we con�rm that exacerbated IFN
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signaling is a hallmark of HAM/TSP disease status [27], being signi�cantly higher in incident HAM/TSP
(Fig. 4A), as compared to healthy controls (�ve-fold, p = 0.022) and AS (four-fold p = 0.0085), when
quanti�ed ex vivo by nCounter. Likewise, ex vivo IL-17 signaling score was also increased in incident
HAM/TSP (Fig. 4B), as compared to healthy controls (two-fold, p = 0.044) and AS (1.5-fold, p = 0.14).
Similar to our �ndings in HAM/TSP patients from the Brazilian cohort, IFN signaling (3.5-fold, p = 0.0096)
and IL-17 signaling score (two-fold, p = 0.089) were downregulated in the US cohort at (4-year) follow-up.
However, no uniform HAM/TSP treatment protocol exists for the US HOST cohort, and the number of
patients was too small to correlate cytokine signaling in vitro to therapeutic response or disability score.

Nevertheless, IFN signaling (measured by nCounter) was effectively and homogeneously down-regulated
in all clinical groups by in vitro prednisolone treatment (Fig. 4C), which was further con�rmed by
decreased expression of the IFN-γ-regulated MHC Class II antigen presentation pathway (Fig. 4C). In
contrast, in vitro prednisolone treatment did not have a uniform effect on IL-10 signaling, IL4/IL-13
signaling, IL-17 signaling or IL-2 cytokine family signaling (data not shown) but was strongly variable
among the four clinical groups. Finally, we investigated if nCounter IFN signaling score was correlated to
previously identi�ed HAM/TSP transcriptomic biomarkers (CASP5, FCGR1A, STAT1 identi�ed in [27]) and
CXCL10, proposed by several groups [4, 5, 8, 41] as a sensitive biomarker for HAM/TSP disease status
and corticosteroid response. As shown in Fig. 4D, ex vivo CASP5, CXCL10, FCGR1A and STAT1 transcript
levels were signi�cantly (all p < 0.05 with Bonferroni correction) correlated to IFN signaling score. In
contrast, HTLV-1 transcripts Hbz and Tax were not signi�cantly correlated to IFN signaling score (Fig. 4D),
suggesting that different cytokine signatures in PLHLTV-1 and HAM/TSP patients are not directly
triggered by retroviral transcription.

Discussion
In this observational study, we selected 110 biobanked plasma samples, corresponding to all �rst
available samples, i.e. closest to the date of entry in a large open cohort of PLHTLV-1, corresponding to a
total of 946 person-years of clinical follow-up, including 43 HAM/TSP patients and 67 asymptomatic
PLHTLV-1. Using these unique samples, we demonstrated systemic cytokines and GlycA as candidate
biomarkers of in�ammaging, immunopathogenesis and therapeutic response in HAM/TSP.

In�ammaging has been extensively documented in people living with HIV-1 (14.15), but this is the �rst
report of in�ammaging in PLHTLV-1, characterized by an age-dependent increase in pro-in�ammatory
cytokine IL-6, which was positively correlated to chronic in�ammation marker GlycA (Fig. 2). Among pro-
in�ammatory cytokines, IL-6 uniquely predicts global functional decline in aging [28] and in�ammaging
in a systematic review and meta-analysis [29]. Although IL-10 was weakly correlated with age in
asymptomatics, the IL6/IL10 ratio, representing a higher pro-in�ammatory state, signi�cantly increases
with age (± 50%/15years, p = 0.014), and also corroborates the increased mortality rate we observed in
this cohort [7]. Since IL6/IL10 ratio has been demonstrated as a sensitive biomarker of COVID-19
outcome [30], aging PLHTLV-1 might be at increased risk of developing severe or critical COVID-19.
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Although this hypothesis was also supported by in silico �ndings [31], it remains to be con�rmed in large
observational studies, which are challenging in neglected diseases [32].

Regarding disease status, we have used complimentary analytical approaches, namely multivariable
regression, machine learning-derived decision trees and Bayesian network learning. While multivariable
logistic regression identi�ed IL-17A and proviral load as independent predictors of HAM/TSP disease
status, Bayesian network analysis enables visualization of the co-dependencies between cytokines in
PLHTLV-1, and their associations with GlycA and disease status. Thus, we found that IL-17A appears
intrinsically related to disease status in all three analytical models (regression, decision tree and Bayesian
network). However, IFN-γ appears “upstream” of all other cytokines in the Bayesian network, which
corroborates previous transcriptomic �ndings [27]. This study con�rms the �ndings of Kagdi et al. for
IFN-γ and IL-17A as biomarkers of untreated HAM/TSP [23]. In spite of our larger cohort (67 AS, 43
HAM/TSP), we did not observe increased IL-2 nor IL-10 in HAM/TSP, in contrast to Kagdi et al. (17 AS, 28
HAM/TSP). However, our decision tree (Fig. 2B) identi�ed by Machine Learning is quite similar to the
decision tree proposed by Kagdi et al. to classify AS, HAM/TSP and ATL patients based upon IL-10 and
IL-17 levels. Exacerbated IFN-γ production has been consistently demonstrated by numerous groups,
either ex vivo (in serum/plasma) or in vitro (in supernatants of PBMCs cultured for 1–4 days), as a
hallmark of HAM/TSP [4, 5, 23, 33–38]. Other pro- and anti-in�ammatory cytokines (IL-2, IL-4, IL-6, IL-10,
IL-17A, TNF) have yielded strongly diverging results between different groups regarding their up- or down-
regulation in HAM/TSP vs. AS [23, 33–40]. This is most likely due to smaller cohort sizes, in addition to
the choice of plasma/serum vs. cell culture supernatants or intracellular �ow cytometry. Additionally,
differences in age, gender, genetics as well as the inclusion of treated HAM/TSP patients in some cohorts
might also explain the observed discrepancies. Indeed, we found that IFN-γ and IL-17A are differentially
impacted by corticosteroid pulse therapy: post-treatment IFN-γ levels are low in responders, while IL-17A
levels decrease uniformly for all patients. Current clinical guidelines for HAM/TSP suggest that early
HAM/TSP patients might bene�t most from corticosteroid therapy [6], which is also supported the recent
(and �rst placebo-controlled) randomized clinical trial for corticosteroid therapy in HAM/TSP (HAMLET-P
[41]).

In addition to IL-17A, we found proviral load is an independent biomarker of untreated disease in
HAM/TSP patients, consenting with the literature [4–7]. However, proviral load did not predict incident
HAM/TSP cases in three out of four published Brazilian cohort studies [42–45]. Of those, only Tanajura
et al. demonstrated proviral load as a signi�cant predictor of neurological symptoms, but not de�nite
HAM/TSP, during clinical follow-up [43]. Similar to Yamauchi et al. [8], we found that proviral load is not a
biomarker for therapeutic response in HAM/TSP. However, we identi�ed, for the �rst time, TNF and GlycA
as independent predictors of clinical worsening, as measured by increased Osame Motor Disability Scale.
To put this prediction into a patient-centered clinical context, the median Osame Motor Disability Scale of
4 in the low TNF/GlycA group corresponds to “needs a handrail when climbing stairs”, whereas the
median of 8 in the high TNF/GlycA group corresponds to “can walk 1-5m with bilateral support”. Notably,
the high TNF/GlycA group also comprised the only fatal case among 43 HAM/TSP patients, with death
related to HAM/TSP as described in our previous study [7].
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Notable strengths and limitations of this study merit further detail. First, this study has a relatively large
sample size, to our knowledge the largest yet with regards to plasma cytokines as candidate biomarkers
in PLHTLV-1 and HAM/TSP. Second, complete neurological evaluations of PLHTLV-1 and uniform
treatment strategy for HAM/TSP patients are major strengths, as well as a remarkably long follow-up
(median 8.6 year in Brazil cohort, > 14 year in US cohort). A major limitation is the low incidence in the US
cohort (2/2100 person-years), thus limiting our statistical power for replication. Other limitations include
the lack of simultaneous protein and RNA quanti�cation in both cohorts (due to sample availability), as
well as potential selection biases regarding patient recruitment and loss to follow-up [7], which are
inherent to cohort studies in neglected diseases.

Conclusion
We found that the untreated disease status in HAM/TSP patients, as compared to age-and gender-
matched asymptomatic PLHTLV-1, is characterized by increased systemic IFN-γ and IL-17A. From a
clinical point of view, plasma GlycA, IL-6, TNF and IFN-γ are promising candidate biomarkers for
immunomonitoring of in�ammaging in PLHTLV-1, and of disease progression and corticosteroid
therapeutic response in HAM/TSP patients, respectively. In addition, we provide predictive regression
models and decision trees for prospective testing in clinical trials or independent cohort studies.
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Figure 1

Age and gender differentially affect cytokines and chronic in�ammation marker GlycA in people living
with HTLV-1, independent of proviral load. (A) IL-6 levels are signi�cantly correlated to age at sampling in
all PLHTLV-1, which is driven by the strong correlation in asymptomatic individuals (AS) (B), which is
absent in HAM/TSP patients (C). (D) IL-10 levels are signi�cantly correlated to age at sampling in all
PLHTLV-1, which is driven by the strong correlation in AS (E), which is absent in HAM/TSP patients (F).
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(G) GlycA levels are signi�cantly higher in female PLHTLV-1 (p=0.0069, Mann-Whitney test). (H) GlycA
levels are positively correlated to IL-6 levels in AS only (p=0.00049, r=0.45). (I) Proviral load is not
signi�cantly correlated to IL-6 (ρ=0.07, p=0.45) or GlycA levels (ρ=-0.06, p=0.72) in PLHTLV-1, while a
tendency is observed for IFN-γ (ρ=0.20, p=0.054). Correlation is determined using Spearman’s method,
uncorrected p‐values are reported, signi�cant correlations of IL-6 with age and with GlycA were robust to
correction for multiple testing (Bonferroni p<0.05).

Figure 2

HAM/TSP disease status is characterized by increased IFN-γ and IL-17A

(A) Among all cytokines tested, only IFN-γ (p=0.0054) and IL-17A (p<0.0001) levels in HAM/TSP patients
(n=43) were signi�cantly different (Mann-Whitney test), as compared to asymptomatic individuals (AS,
n=67), both associations were robust to correction for multiple testing (Bonferroni p<0.05). (B) Machine
learning-derived decision tree discriminating AS from HAM/TSP patients (J48 pruned tree) with 90%
accuracy (97 out of 110 PLHTLV-1 correctly classi�ed, of which 61/67 AS and 38/43 HAM/TSP patients,
ROC AUC 0.87, Kappa statistic 0.79). (C) Bayesian Network representing the strongest associations
between cytokines, GlycA, clinical and demographic data (strength of arcs as de�ned previously [19]: dark
blue 100x, light blue 10x). Proviral load was not signi�cantly associated with the other parameters and
hence not shown. 

Figure 3

Cytokines and GlycA predict therapeutic success vs. failure of methylprednisolone pulse therapy in
HAM/TSP patients.

(A) Among all plasma cytokines measured in HAM/TSP patients, only IL-17A signi�cantly decreases after
pulse therapy with intravenous methylprednisolone (Wilcoxon test p=0.003, Bonferroni correction p<0.05).
(B) Pre-treatment TNF (left panel) and post-treatment IFN-γ (right panel) are correlated with the
magnitude of clinical worsening after prednisolone pulse therapy (Spearman correlation). (C) Pre-
treatment GlycA levels are correlated with the magnitude of clinical worsening after methylprednisolone
pulse therapy (Spearman correlation, left panel). A higher TNF/GlycA score (0.025*TNF + 9.18*GlycA -
7.28) predicts worse Osame Motor Disability Score after methylprednisolone pulse therapy (right panel,
ANOVA with Bonferroni post-test, *p=0.010).
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Figure 4

Transcriptomic validation of cytokine signaling pathways and prednisolone response in an independent
cohort of PLHTLV-1.
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Digital transcriptomics (nCounter) was used to quantify cytokine signaling pathways in HAM/TSP
disease progression, and the effect of in vitro prednisolone treatment in PBMCs from four AS, four
HAM/TSP patients (including the two only incident HAM/TSP in the HOST cohort), and four age-, gender-
and ethnicity-matched healthy controls. (A). Ex vivo IFN signaling score was signi�cantly higher in
incident HAM/TSP as compared to healthy controls, AS, and HAM/TSP at 4-year follow-up (one sample t
test). (B) Ex vivo IL-17 signaling score was signi�cantly higher in incident HAM/TSP as compared to
healthy controls and tends to decline in HAM/TSP at 4-year follow-up (one sample t test). (C) IFN
signaling was homogeneously down-regulated in all clinical groups by prednisolone treatment in vitro
(left panel, Wilcoxon test p<0.0001). Down-regulation was con�rmed by decreased expression of the IFN-
γ--regulated MHC Class II antigen presentation pathway (right panel, Wilcoxon test p<0.001). (D) Ex vivo
transcriptomic IFN signaling score measured by nCounter is signi�cantly correlated to mRNA levels of
previously identi�ed HAM/TSP biomarkers CASP5, FCGR1A, STAT1, and CXCL10 (all p<0.05 with
Bonferroni correction), but not to HTLV-1 mRNAs Hbz and Tax.

HC: Healthy controls (open circles); AS: Asymptomatics (black circles); iHAM: incident HAM/TSP (orange
circles); HAM/TSP at 4-year follow-up (red circles); Con: untreated in vitro PBMCs; Pred: Prednisolone-
treated PBMCs in vitro. Paired samples from iHAM patients at diagnosis and at follow-up are identi�ed by
dashed lines. 
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