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Abstract 

Human T cell lymphotropic virus 1 (HTLV‑1) is a human retrovirus and infects approximately 10–20 million people 
worldwide. While the majority of infected people are asymptomatic carriers of HTLV‑1, only 4% of infected people 
develop HTLV‑1‑associated myelopathy/tropical spastic paraparesis (HAM/TSP). HAM/TSP is a chronic, progressive, 
neurological disease which usually progresses slowly without remission, and is characterized by perivascular inflam‑
matory infiltrates in chronic inflammatory lesions of the central nervous system (CNS), primarily affecting the spinal 
cord. A high HTLV‑1 proviral load, high levels of antibodies against HTLV‑1 antigens, and elevated concentration of 
proteins are detected in cerebrospinal fluid (CSF) of HAM/TSP patients. These chronically activated immune responses 
against HTLV‑1 and infiltration of inflammatory cells including HTLV‑1 infected cells into the CNS contribute to clinical 
disability and underlie the pathogenesis of HAM/TSP. Since the disease development of HAM/TSP mainly occurs in 
adults, with a mean age at onset of 40–50 years, it is important for HTLV‑1‑infected carriers and HAM/TSP patients to 
be monitored throughout the disease process. Recent advances in technologies and findings provide new insights 
to virological and immunological aspects in both the CNS as well as in peripheral blood. In this review, we focus on 
understanding the inflammatory milieu in the CNS and discuss the immunopathogenic process in HTLV‑1‑associated 
neurologic diseases.
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Background
Human T lymphotropic virus type 1 (HTLV-1) is a human 
retrovirus that is associated with a persistent infection in 
humans [1]. HTLV-1 is thought to infect 10–20  million 
people worldwide. While endemic areas for HTLV-1 in 
the world include southern parts of Japan, the Caribbean, 
South America, Central and West Africa, and foci in 
Middle east, Australia and Melanesia [2], HTLV-1 sero-
prevalence is still largely unknown for a number of world 
populations, even in neighboring regions of endemic 
areas. The majority of HTLV-1 infections remain asymp-
tomatic, but small subsets of infected individuals develop 
a clinical disease such as adult T-cell leukemia/lymphoma 

(ATLL), HTLV-1 associated myelopathy/tropical spastic 
paraparesis (HAM/TSP), and other inflammatory dis-
orders [3–5]. HAM/TSP is a chronic, progressive, neu-
rological disease clinically characterized by progressive 
lower extremity weakness, spasticity, and bladder/bowel 
sphincter dysfunction [6]. The disease development of 
HAM/TSP mainly occurs in adults, with a mean age at 
onset of 40–50 years, with a higher prevalence in women 
than in men at a ratio of approximately 3:1 [7]. The dis-
ease usually progresses slowly without remission, but the 
clinical course and rate of progression may vary greatly 
among patients [7]. Although clinical improvements have 
been reported for a number of agents such as corticos-
teroids, currently, no therapy has been shown to signifi-
cantly modify the long-term disability associated with 
HAM/TSP.
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The central nervous system (CNS) was thought as an 
immune-privileged site with no lymphatic drainage but 
it is now recognized to mount robust immune responses 
to various viral infections of the CNS that is unique 
from the immune response in peripheral tissues. The 
pathogenesis of HAM/TSP has been demonstrated to 
involve strong inflammatory responses in the CNS, with 
perivascular inflammatory infiltrates in the brain and spi-
nal cord [6]. Unlike patients with ATLL, there are some 
virological and immunological similarities in peripheral 
blood between HAM/TSP patients and HTLV-1-in-
fected asymptomatic carriers. Therefore, findings associ-
ated with the local inflammatory milieu in the CNS may 
reflect immune pathology in HAM/TSP and can lead to 
a better understanding of disease pathogenesis, progres-
sion and clinical treatment. In this review, we summarize 
the immunopathogenic features of HAM/TSP, focusing 
on the local virological and immunological responses in 
the CNS, and discuss future clinical and basic research in 
HTLV-1-associated neurologic diseases.

Epidemiology and lifetime risk of HAM/TSP
Epidemiology
Before the discovery of HTLV-1, clinical observations 
with unusual prevalence of spastic paraplegia have been 
reported mainly from the Caribbean islands. In the mid 
1980s, seroprevalence studies in the Caribbean islands 
and Japan demonstrated that HTLV-1 specific antibodies 
existed in high proportion of patients with the disorder, 
subsequently designated as HAM/TSP [3, 4]. Currently, 
clinical observations with HAM/TSP have been reported 
worldwide. The lifetime risk of HAM/TSP development 
has been reported as 0.25% in HTLV-1-infected individu-
als in a southern Japanese population whereas the risk in 
population of Afro-Caribbean descent has been reported 
as 1.9 to 2.4% and increasing to 3.7% after 10 years of fol-
low up study [8–10]. In Central Africa, high frequency of 
HAM/TSP cases have been reported in northern Zaire 
concomitant with a high HTLV prevalence in the popula-
tion [11]. A recent study of Martinique reported that the 
temporal trends in HAM/TSP incidence over 25  years 
was a significant decrease of more than 70% in the inci-
dence of HAM/TSP in early 2000 compared to the 1986–
2000 period [12]. However, in Brazil, the study based on 
HTLV-1-seropositive cases over 15 years reported HAM/
TSP incidence rate of 5.3 cases per 1000 cases infected 
with HTLV-1 per year [13]. Central Australia also has 
a high adult prevalence of HTLV-1 infection, exceed-
ing 40% in remote indigenous communities, with a few 
reported cases of patients diagnosed with HAM/TSP [14, 
15].

Although Europe and North America are often con-
sidered as nonendemic areas for HTLV-1 infection, high 

rates of HTLV-1 infection have been reported in some 
regions of Europe and North America where most HAM/
TSP patients originated from HTLV-1 endemic areas, 
such as the West Indies, Africa, Caribbean and South 
America [2]. Recently, a patient who diagnosed with 
typical HAM/TSP and was immigrated from West Africa 
to North America at a young age has been reported to 
carry a primate T lymphotropic virus-1 (PTLV-1), closely 
related to strains of simian T lymphotropic virus-1 
(STLV-1) which is simian counterpart of HTLV-1 [16]. 
Since the increased global travel and immigration have 
contributed to the increased risk of virus transmission 
in human populations, a potential risk of HTLV-1-as-
sociated diseases is not only limited to populations in 
endemic areas. In addition, a concern in nonendemic 
areas is that a number of cases with chronic progressive 
myelopathy have often been falsely diagnosed as multiple 
sclerosis in which the primary progressive form is clini-
cally similar to HAM/TSP. The reevaluation of the global 
burden of infection and the expansion of HTLV-1 screen-
ing policies are clearly needed both in endemic and in 
nonendemic areas.

Host genetic factors
Unlike human immunodeficiency virus-1 (HIV-1), the 
genetic variations of HTLV-1 are minimal both within 
and between hosts and there is no HTLV-1 strain or 
sequence variants directly associated with any disease 
outcome [17, 18]. In addition, association of HTLV-1 
infection with clinical parameters for HAM/TSP, such as 
the rate of disease progression, the age of onset, the gen-
der and the history of HTLV-1 transmission, slightly vary 
in different geographic regions [19, 20]. Therefore, the 
different outcomes of an HTLV-1 infection are thought 
to be associated with differences in the host response to 
the virus rather than the virus itself. Several lifetime risks 
of developing HAM/TSP have been reported includ-
ing human leukocyte antigen (HLA) and non-HLA gene 
polymorphisms. The HLA class I genotype of HTLV-
1-infected individuals determines the specificity and the 
efficacy of  CD8+ T cell responses to the virus, which con-
trol HTLV-1 provirus load (PVL) in the host and influ-
ence the susceptibility to HTLV-1-associated diseases. 
The HLA class I genes, HLA-A*02 and HLA-Cw*08, were 
associated with significant reduction in PVL and protec-
tive effect from HAM/TSP in Southern parts of Japan [21, 
22]. A protective effect of HLA-A*02 was also observed in 
Brazil [23]. In addition, the HLA class I genes, HLA-A*02 
and HLA-Cw*08, showed stronger binding of an HTLV-1 
basic leucine zipper factor (HBZ) peptide, which was 
associated with lower HTLV-1 PVL and risk of HAM/
TSP [24]. In contrast, the class I alleles, HLA-B*07 and 
HLA-B*5401, and the class II allele, HLA-DRB1*0101, 
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were associated with a higher susceptibility to HAM/TSP 
[21, 22, 25].

Analysis of single nucleotide polymorphisms (SNPs) 
demonstrated the associations of some host genes with 
the outcome of an HTLV-1 infection. A polymorphism 
in the promoter of the immunosuppressive cytokine 
Interleukin-10 (IL-10: IL10-592A) was associated with a 
two-fold reduction in the odds of developing HAM/TSP 
in Japan [26]. In a study from Brazil, a polymorphism in 
the promoter of the inflammatory cytokine IL-6 (IL6-
634C) was detected at a higher frequency in HAM/TSP 
patients than in asymptomatic carriers while the associa-
tion of IL10-592A polymorphism was not observed [27]. 
In another study, the promotor polymorphism (TNF-
863A) of the inflammatory cytokine tumor necrosis fac-
tor (TNF), has been reported to be also associated with 
the risk of HAM/TSP [28]. In contrast, polymorphism 
in the 3UTR of the chemokine stromal cell-derived fac-
tor 1 (SDF-1: SDF1 + 801A) and IL-15 (IL-15 + 191C) 
were associated with reduction in the risk of develop-
ing HAM/TSP [28]. Analysis of genetic variants of host 
restriction factors in HAM/TSP patients demonstrated 
that TRIM5α polymorphisms might also be associated 
with HTLV-1 PVL, but no specific mutation of host 
restriction factors was observed in HAM/TSP patients 
[29]. These observations again support the hypothesis 
that host genetic factors play an important role in con-
trol of HTLV-1 infection or immune regulation of HTLV-
1-infected individuals and may be influenced by ethnicity 
and environmental factors within geographic regions.

Mechanism of HAM/TSP development
Neuropathology
Early in the course of the disease, the inflammatory infil-
trate contains equal numbers of  CD4+ T cells,  CD8+ 
T cells, and foamy macrophages in the spinal cords of 
HAM/TSP patients. Over time,  CD8+ T cells are pre-
dominantly detected in the chronic inflammatory lesions 
of patients with longer duration of disease [6, 30]. In 
HAM/TSP patients with active-chronic inflammation, 
perivascular inflammatory infiltration were seen in the 
brain as well as in the spinal cord [30]. Intrathecal HTLV-
1-specific antibody production provides additional data 
to support the diagnosis of HAM/TSP [31]. In HAM/TSP 
patients, mild lymphocyte pleocytosis in cerebrospinal 
fluid (CSF) was detected in approximately one-third of 
cases as well as mildly elevated concentration of protein 
in the CSF [32, 33]. The inflammatory process has been 
visualized and quantified by magnetic resonance imaging 
(MRI) to be shown as the loss of spinal cord volume, sug-
gesting the destructive pathological processes in HAM/
TSP, such as irreversible demyelination and loss of astro-
glia, neuronal cell bodies, and axons [34–36]. A recent 

longitudinal study of spinal cord cross-sectional area 
measurements showed that spinal cord atrophy began in 
the thoracic cord and progressed to the cervical cord in 
HAM/TSP patients with rapid progression [34]. Interest-
ingly, a more atrophic spinal cord in HAM/TSP was asso-
ciated with higher percentage of inflammatory  CD8+ T 
cells and HTLV-1 PVL in CSF of HAM/TSP patients [34]. 
Thus, chronically activated immune responses against 
HTLV-1 and infiltration of inflammatory cells including 
HTLV-1 infected cells into the CNS contribute to clinical 
disability and underlie the pathogenesis of HAM/TSP.

HTLV‑1 infection and expressions
HTLV-1 PVL in PBMCs varies widely between indi-
viduals and remains relatively stable within individuals 
over time. As a group, HAM/TSP patients have typi-
cally higher HTLV-1 PVL than asymptomatic carriers 
[37], although longitudinal follow-up studies showed 
that a significant number of asymptomatic carriers can 
have high HTLV-1 PVL in the PBMCs for long periods 
of time without developing clinical symptoms associated 
with HTLV-1 infection [38, 39]. Importantly, HTLV-1 
PVL has been reported to be higher in the cells of CSF, 
than in the matched PBMCs of HAM/TSP patients by 
approximately threefold [38, 40–43]. In addition, HAM/
TSP patients had significantly higher HTLV-1 PVL in 
the CSF, compared to asymptomatic carriers and HTLV-
1-infected individuals with other neurologic diseases [41, 
44]. Higher ratio of HTLV-1 PVL in the CSF to that in the 
PBMCs was significantly associated with clinically pro-
gressive disease and with recent onset of HAM/TSP [43]. 
These findings suggested that it is important to moni-
tor the HTLV-1 PVL as a biomarker associated with the 
inflammatory milieu in the CNS that may serve to pre-
dict disease progression in HTLV-1 infected individuals.

The HTLV-1 proviral genome has structural genes, gag, 
pol, and env flanked by long terminal repeat at both ends. 
HTLV-1 genome also contains a pX region between env 
and 3′ LTR encoded several accessory genes including 
tax and HBZ [45]. The viral genes are transcribed from 
the 5′ LTR, but only HBZ encoded on the minus strand 
of the provirus is transcribed from the 3′ LTR. Two 
HTLV-1 genes, tax and HBZ, have been shown to play 
important roles in the pathogenesis of HAM/TSP. Tax 
is a transforming and transactivating protein of HTLV-1 
and induces the expression of a variety of cellular genes 
by activation of the NF-kB and CREB/ATF pathways [45]. 
Although HTLV-1 tax mRNA and Tax protein are rarely 
or undetectable directly in fresh PBMCs of HTLV-1-in-
fected individuals, HAM/TSP patients showed a sponta-
neous increase of tax mRNA and Tax protein expression 
in PBMCs after ex  vivo culture without any exogenous 
stimulators. This observation peaks at 12–24  h and is 
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significantly higher in HAM/TSP patients than in asymp-
tomatic carriers [46, 47]. In addition, HTLV-1 tax mRNA 
and Tax proteins have been reported to be detected in 
CSF cells and within spinal cord and cerebellar sections 
of HAM/TSP patients [48–50]. The increased expres-
sion of HTLV-1 Tax protein in the CSF cells was more 
frequent in HAM/TSP patients with shorter duration of 
illness [48]. These finding suggested that the presence 
of Tax protein in the CNS might cause direct cell dam-
age in the nervous system and may serve to activate and 
generate Tax-specific immune responses in HAM/TSP 
patients. Unlike tax gene products, HBZ mRNA is ubiq-
uitously expressed in HTLV-1-infected cells and pro-
motes the growth and survival of the leukemic cells [45]. 
The expression of HBZ mRNA was detected in PBMCs of 
HAM/TSP patients, which was significantly lower than 
in ATL patients but higher than in asymptomatic carriers 
[51]. In contrast to HBZ mRNA, HBZ protein has been 
reported to be rarely detected in HAM/TSP patients, 
but recent reports demonstrated that HBZ protein was 
localized in the cytoplasm of  CD4+ T cells, irrespec-
tive of co-expression of CD25 [52]. Since HBZ mRNA 
in PBMCs was correlated with disease severity in HAM/
TSP patients [51], it is of interest how HBZ gene products 
could be associated with CNS inflammation and damage 
in HAM/TSP patients.

HTLV-1 infection is considered to be latent in the 
infected individuals. However, the presence of chroni-
cally activated HTLV-1-specific immune responses sug-
gested that HTLV-1 antigens might be continuously 
synthesized. Comparisons of HTLV-1 integration sites 
between infected individuals revealed that HTLV-1 
integration might be more frequent in transcriptionally 
active areas of the genome in HAM/TSP patients than 
in asymptomatic carriers, which was associated with an 
increased rate of Tax expression [53]. Moreover, a larger 
number of unique insertion sites was detected in HAM/
TSP patients than in asymptomatic carriers whereas 
there was no significant differences in oligoclonality of 
HTLV-1 integration between HAM/TSP patients and 
asymptomatic carriers [54]. The targets of integration 
were strongly associated with the presence of a bind-
ing site for specific host transcription factors, such as 
p53, HDAC6 and STAT1. The presence of the chroma-
tin remodeling factors BRG1 and INI1 and certain host 
transcription factors either upstream or downstream of 
the provirus was associated with silencing or spontane-
ous expression of the provirus, respectively [55]. A recent 
report revealed that CTCF, a zinc-finger protein and a key 
regulator of chromatin structure and function, bound to 
HTLV-1 and formed loops between HTLV-1 proviral and 
host genes to regulate HTLV-1 transcription and RNA 
splicing [56]. Interestingly in HAM/TSP, the majority of 

spontaneous Tax expressing cells corresponded to a large 
number of low abundance clones, rather than a small 
number of high abundance clones [55]. These findings 
suggested that interference of host gene transcription 
and chromatin remodeling may be critical determinants 
of proviral latency in natural HTLV-1 infection whereas 
clonal expansion of infected cells might be controlled by 
host immune responses to Tax or by other viral factors 
such as HBZ in HAM/TSP patients. Future research will 
address how and where expression of HTLV-1 genes are 
regulated in HTLV-1-infected individuals.

As described above, regardless of the absence of 
viral RNA and proteins in fresh PBMCs, spontane-
ous increase in plus-strand HTLV-1 transcription was 
detectable when PBMCs of HTLV-1 infected individu-
als are cultured ex  vivo. The question whether extracel-
lular microenvironment can contribute to regulation of 
HTLV-1 expression remains unknown. Interestingly, a 
recent report demonstrated that physiological hypoxia 
significantly enhanced HTLV-1 reactivation from latency 
whereas inhibition of glycolysis or the mitochondrial 
electron transport chain suppressed HTLV-1 plus-strand 
transcription ex vivo [57]. This may have clinical conse-
quences since brain, the highest consumer of oxygen, is 
likely to have an increased risk of hypoxia-induced neu-
rological damage, which has been suggested to be asso-
ciated with age in many CNS diseases such as stroke, 
Alzheimer’s disease and encephalopathy [58]. The glu-
cose receptor GLUT-1 has been reported to be one of 
the cellular receptors for HTLV-1 and the expression of 
GLUT-1 is induced by hypoxia [57, 59]. These findings 
suggested that glucose metabolism and oxygen avail-
ability might play an important role in regulation of the 
latency, reactivation and productive infection of HTLV-1. 
It is also of interest that HTLV-1 tax gene and tax mRNA 
was detected in the bone marrow of HAM/TSP patients, 
which is also physiologically hypoxic [60]. Thus, the 
extracellular microenvironment in CNS tissues may be 
an important contributing factor that may initiate a series 
of pathophysiological events leading to clinical disease.

CSF cellular immune responses in HAM/TSP
CD4+ T cell
A reservoir of HTLV‑1
CD4+ T cells are the predominant reservoir of HTLV-1. 
In HAM/TSP patients,  CD4+CD25+ T cells contain high 
frequency of HTLV-1 proviral DNA, express HTLV-1 tax 
mRNA at significantly higher levels than in  CD4+CD25− 
T cells and produce various cytokines including IFN-γ 
[61].  CD4+CD25+ T cells were significantly higher in the 
CSF as well as in peripheral blood of HAM/TSP patients, 
compared to healthy controls and asymptomatic carri-
ers, which was also significantly correlated with HTLV-1 



Page 5 of 14Enose‑Akahata and Jacobson  Retrovirology           (2019) 16:35 

PVL in the CSF of HAM/TSP patients [62]. Furthermore, 
 CD25+CCR4+CD4+ T cells have high HTLV-1 PVL and 
are associated with functional changes including high 
production of IFN-γ in HAM/TSP patients, which was 
found to be correlated with disease activity and severity 
[61, 63, 64]. Abundant  CD4+CCR4+ T cells which co-
expressed the Th1 marker CXCR3 and produced T-bet 
and IFN-γ were also present in CSF and spinal cord 
lesions in HAM/TSP [63]. IFN-γ producing HTLV-1-in-
fected  CD4+ T cells stimulated astrocytes to secrete the 
chemokine CXCL10 (IP-10), a ligand of CXCR3 [65] and 
suggest that CXCL10 from astrocytes might recruit addi-
tional HTLV-1-infected  CXCR3+CD4+ T cells into the 
CNS of HAM/TSP patients.

Dysregulation
Regulatory  CD4+ T cells (Treg) that constitutively 
express CD25 (the IL-2 receptor α chain) are engaged in 
the maintenance of immunologic self-tolerance by sup-
pressing the activation and expansion of self-reactive 
lymphocytes that may cause autoimmune diseases [66]. 
However, Tax protein downregulates forkhead box P3 
(FoxP3) in  CD4+CD25+ T cells due to decreased dem-
ethylation of the Foxp3 gene, which caused the decreased 
suppressive capacity of  CD4+CD25+ T cells and stimula-
tion of HTLV-1 Tax-specific  CD8+ T cells in HAM/TSP 
patients [64, 67, 68]. Other immune molecules related 
to Treg were also dysregulated in HAM/TSP patients. 
Transforming growth factor-β (TGF-β), play critical 
roles in suppressing the immune response, such as inhi-
bition of proinflammatory responses and promotion of 
Treg generation and function. In HAM/TSP, HTLV-1 
Tax inhibited TGF-β RII and Smad7 expression result-
ing in dysregulation of TGF-β signaling [69]. Helios, a 
member of the Ikaros family of transcription factors, is 
highly expressed in human Treg, but HAM/TSP patients 
showed decreased Helios expression and enhanced cell 
adhesion molecules in  CD4+ T cells [70]. A coinhibitory 
molecule, cytotoxic T-lymphocyte-associated protein 4 
(CTLA-4), was also downregulated in peripheral blood 
 CD4+CD25+ T cells of HAM/TSP patients [62].

Cell adhesion molecules
The CNS is protected from the entry of pathogens, cir-
culating immune cells, and factors within the blood by 
physiological structure called the blood–brain barrier 
(BBB) which is maintained by the endothelial cells of cer-
ebral microvessels with tight junctions.  CD4+ T cells are 
routinely exposed in  vivo to alterations in the microen-
vironment, which was associated with enhanced produc-
tion of various soluble factors as well as expression of cell 
adhesion molecules due to activation of HTLV-1 expres-
sion. Since interaction of cell adhesion molecules induces 

recruitment and extravasation of lymphocytes through 
the BBB, increased expression of cell adhesion mol-
ecules may facilitate the migration of HTLV-1-infected 
lymphocytes across the BBB endothelium. Tax has been 
demonstrated to regulate cell adhesion molecules, such 
as intercellular adhesion molecule-1 (ICAM-1), vascular 
cell adhesion molecule 1 (VCAM-1) and cell adhesion 
molecule 1 (CADM1/TSLC1) in HAM/TSP patients [71–
73].  CADM1+CD4+ T cells expressed higher coinhibi-
tory molecule, T cell immunoglobulin and ITIM domain 
(TIGIT), in HAM/TSP patients compared to healthy 
controls [74]. Activated leukocyte cell adhesion molecule 
(ALCAM/CD166), a member of the immunoglobulin 
superfamily, is overexpressed on the surface of HTLV-
1-infected lymphocytes, both in chronically infected cell 
lines and in primary  CD4+CD25+ T cells from HAM/
TSP patients [75].

Thus,  CD4+ T cells are an important immune popula-
tion that serve as the major reservoir of HTLV-1 due to 
HTLV-1 expression and can also have dynamic func-
tional changes including cell migration, activation and 
dysregulation.

CD8+ T cell
HTLV‑1‑specific  CD8+ T cells
Tax is an immunodominant antigen recognized by 
HTLV-1-specific cytotoxic  CD8+ T cells (CTLs) [76]. 
 CD8+ T cells play a crucial role in immunity against 
HTLV-1 through their ability to secrete various fac-
tors that suppress viral replication and kill infected tar-
get cells in HTLV-1-infected subjects [77, 78]. However, 
while  CD4+ T cells are more prevalent than  CD8+ T cells 
in CSF lymphocytes of healthy individuals, in the CSF 
of HAM/TSP patients there was an increased predomi-
nance of  CD8+ T cells over  CD4+ T cells [79]. Impor-
tantly, the frequency of HTLV-1 Tax-specific  CD8+ T 
cells was higher in CSF than in peripheral blood, and 
was correlated with HTLV-1 PVL [42, 80, 81]. It has been 
demonstrated that HTLV-1 Tax-specific  CD8+ T cells 
as well as  CD4+ T cells expressing HTLV-1 Tax proteins 
were detected in the parenchyma of HAM/TSP spinal 
cords, suggesting that the interaction between HTLV-
1-specific CTLs and HTLV-1-infected  CD4+ T cells may 
cause bystander damage to resident cells in the CNS [82]. 
In contrast to HTLV-1 Tax specific  CD8+ T cells, a low 
frequency of HTLV-1 HBZ-specific  CD8+ T cells are 
detected in peripheral blood of asymptomatic carriers 
and HAM/TSP patients, and HBZ-specific CTL clones 
were able to lyse naturally infected cells [24]. However, 
the binding affinity of HBZ peptides to HLA class I mol-
ecules was found to be significantly weaker than that of 
peptides from Tax [24, 83]. It remains to be determined 
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as to the significance and role that HTLV-1 HBZ-specific 
 CD8+ T cells play in the pathogenesis of HAM/TSP.

Expansion of  CD8+ T cells
One of the most striking features of the cellular immune 
response in HAM/TSP patients is the increased numbers 
of memory and/or effector  CD8+ T cells and HTLV-1 
Tax-specific cytotoxic  CD8+ T cells. The common γ 
chain family of cytokines including IL-2, IL-7, IL-9, IL-15, 
and IL-21 play an important role in lymphocyte prolif-
eration, survival and function during immune responses 
and homeostasis. Tax has been shown to transactivate a 
number of the common γ chain family of cytokines and 
the receptors, such as IL-2/IL-2R, and IL-15/IL-15R 
[84]. Since both IL-2 and IL-15 induce the proliferation 
and increase the cytolytic activity of  CD8+ T cells, it has 
been suggested that IL-2/IL-2R and IL-15/IL-15R auto-
crine loop may contribute to the pathogenesis of HAM/
TSP [85]. A subset of memory  CD8+ T cells, stem cell-
like memory T cells (Tscm), has been reported to be 
identified as a naïve phenotype but express increased 
level of CD95, IL-2Rβ, CXCR3 and LFA-1 and have simi-
lar functions to memory T cells including the ability to 
proliferate rapidly and release inflammatory cytokines 
in response to antigen re-exposure [86]. Recently, it has 
been demonstrated that the frequency of Tscm was sig-
nificantly increased in HAM/TSP patients compared to 
healthy controls, suggesting that an adequate number of 
functionally competent memory  CD8+ T cells might be 
sustained through cytokine-driven homeostatic prolif-
eration to achieve long-lived protection against chronic 
HTLV-1 infection [87]. Using a new high throughput 
sequencing technology, analysis of T cell receptor (TCR) 
repertoire recently revealed that HAM/TSP patients 
showed a higher clonal T cell expansion in peripheral 
blood compared to patients with multiple sclerosis and 
healthy controls [88]. Since the TCR clonal repertoire in 
the peripheral blood was different from that in the CSF, 
further studies are required to determine T cell profiles 
including clonality, diversity and commonality in CSF of 
HAM/TSP patients.

Effector function of  CD8+ T cells
During chronic viral infection, antigen-specific  CD8+ 
T cells initially acquire effector functions but gradu-
ally become less functional as the infection progresses. 
In HTLV-1 infection, although HTLV-1-specific CTL 
responses were detected in both asymptomatic carri-
ers and HAM/TSP patients, high expression of IFN-γ 
in  CD8+ T cells specifically in HAM/TSP patients com-
pared to asymptomatic carriers have been reported to be 
induced by interaction with virus-infected  CD4+ T cells 
and  CD8+ T cells [89–91]. Interestingly,  CD8+ T cells in 

patients with HAM/TSP, but not in asymptomatic car-
riers, were demonstrated to spontaneously degranulate 
and produce IFN-γ [92]. In HAM/TSP patients, expres-
sion of IL-15 mRNA and IL-15 protein is up-regulated 
in non-T cells and  CD14+ monocytes more than those 
in healthy controls or asymptomatic carriers [85, 92]. 
In addition, HTLV-1 Tax-specific  CD8+ T cells showed 
higher expression of IL-15Rα, compared with CMV 
pp65-specific  CD8+ T cells [93]. It was later supported 
by a report that IL-15 stimulated HTLV-1 Tax-specific 
 CD8+ T cells, but not CMV pp65-specific  CD8+ T cells, 
to induce degranulation and IFN-γ expression [92]. Thus, 
the increase of the common γ chain family of cytokines 
and receptors in HAM/TSP patients may be involved in 
increased proliferation and enhanced cytolytic activity 
and inflammatory cytokine production of HTLV-1-spe-
cific  CD8+ T cells.

Costimulatory and coinhibitory molecules
CD8+ T cell responses during chronic viral infection are 
regulated by complex patterns of co-expressed stimula-
tory and inhibitory receptors. A number of costimula-
tory and coinhibitory receptors has been reported to be 
involved with HAM/TSP. The expression of CD244 (2B4), 
a signaling lymphocyte activation molecule (SLAM) fam-
ily receptor, was significantly higher on  CD8+ T cells in 
both asymptomatic carriers and HAM/TSP patients, 
than those on healthy controls [94]. High CD244 expres-
sion was demonstrated on HTLV-1-specific  CD8+ T cells 
as well as CMV-specific  CD8+ T cells in a patient with 
HAM/TSP. Importantly, SLAM-associated protein (SAP) 
which play a role in controlling the active transduction 
was overexpressed in HAM/TSP patients compared to 
asymptomatic carriers and healthy controls whereas 
there was no significant differences of expression of EAT-
2, a SLAM-related inhibitory protein. Blockade of CD244 
and SAP inhibited degranulation and IFN-γ production 
in  CD8+ T cells of HAM/TSP patients, suggesting that 
CD244/SAP pathway might be involved in the active 
regulation of HTLV-1-specific  CD8+ T cells of HAM/
TSP patients [94]. Furthermore, T cell immunoglobu-
lin and mucin domain-containing protein 3 (Tim-3) was 
reduced on  CD8+ T cells and HTLV-1-specific  CD8+ T 
cells of HAM/TSP patients [95, 96]. Although expres-
sion of programmed death receptor-1 (PD-1) has been 
reported in peripheral blood T cells in HAM/TSP com-
pared to asymptomatic carriers and/or healthy controls, 
studies have varied [95–98]. A recent report demon-
strated that, when the frequency of PD-1+ T cells were 
compared among healthy controls, patients with HAM/
TSP and Progressive Multifocal Leukoencephalopathy 
(PML) which is a rare, often fatal, demyelinating disease 
caused by reactivation of the ubiquitous JC virus, HAM/
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TSP patients as well as PML patients showed a signifi-
cant higher percentage of PD-1 expression on  CD4+ and 
 CD8+ T cells in CSF than healthy controls [97]. Although 
the relative contribution of the above mentioned costim-
ulatory and coinhibitory factors to the observed dysregu-
lation of chronically activated HTLV-1-specific  CD8+ T 
cells in HAM/TSP patients remains to be determined, 
restoration or modulation of virus-specific  CD8+ T cells 
in HAM/TSP patients may be important to prevent fur-
ther tissue damage in the CNS and progression of HAM/
TSP.

B cell
Humoral response
Intrathecal antibody synthesis is a well-documented 
phenomenon in infectious and demyelinating neurologi-
cal diseases. As definitive laboratory diagnosis of HAM/
TSP is based on the presence of anti-HTLV-1 antibodies 
in the blood and CSF. Robust humoral immune responses 
against HTLV-1 antigens have been reported in periph-
eral blood and CSF of HAM/TSP patients. Intrathecal 
antibody synthesis against HTLV-1 has been demon-
strated, as evidenced by the presence of HTLV-1-specific 
antibodies and oligoclonal IgG bands in CSF of patients 
[31]. Intrathecal antibody response to HTLV-1 inversely 
correlates with higher HTLV-1 PVL and a worse prog-
nostic outcome [99]. In addition, antibodies against two 
HTLV-1 viral products, Tax and Gag p24, have been 
reported to cross-react with host antigens, heterogene-
ous ribonucleoprotein A1 and peroxiredoxin-1, respec-
tively, suggesting that molecular mimicry may also play a 
role in the pathogenesis of HAM/TSP [100, 101].

Antibody secreting B cell
Regardless of the presence of HTLV-1-specific antibodies 
and oligoclonal IgG bands in CSF of HAM/TSP patients, 
little is known about the CNS microenvironment related 
to this increased humoral immune response in HTLV-
1-infected individuals. In  vivo, T cells including both 
 CD4+ and  CD8+ T cells were detected in spinal cords 
of HAM/TSP patients and the frequency of these T cell 
populations varied depending on the duration of illness. 
B cells were only rarely observed in HAM/TSP spinal 
cords by in  situ histopathological studies [6]. A recent 
report demonstrated that the B cell/monocyte ratio and 
antibody secreting B cells were elevated in CSF of HAM/
TSP patients as well as patients with relapse-remitting 
multiple sclerosis compared to healthy volunteers [62]. 
Antibody secreting B cells including plasmablast and 
plasma cells are differentiated from memory B cells and 
maintain immunoglobulin production. Increased anti-
body secreting B cells in CSF of HAM/TSP patients sig-
nificantly correlated with intrathecal anti-Gag antibody 

synthesis [62]. By comparison, in the CSF of asympto-
matic carriers, B cell frequencies and the B cell/mono-
cyte ratio was low. Moreover, antibody secreting B cells 
were undetectable in the CSF of asymptomatic carriers, 
suggesting that B cell recruitment and/or differentiation 
may be present in CSF of patients with neuroinflam-
matory diseases, but not in asymptomatic carriers. In 
addition, antibody secreting B cells may not be directly 
involved in the disease progression of HAM/TSP patients 
even though they may be present for long periods in 
the CSF. Interestingly, elevated  CD4+CD25+ T cells sig-
nificantly correlated with antibody secreting B cells and 
HTLV-1 PVL in the CSF of HAM/TSP patients [62]. 
These findings suggested that increased expressions of 
cytokines, such as IL-2, IL-15 and IL-21, from activated 
T cells might accelerate B cell function in HAM/TSP 
patients. In addition, memory follicular helper  CD4+ T 
cells (Tfh), which promote B cell growth, differentiation 
and class switching, were decreased in the CSF of HAM/
TSP patients [62]. B cell function induced independent 
with Tfh cells may also be associated with impaired B cell 
responses and generation of antigen-specific antibodies 
with low specificity and function.

CSF biomarkers in HAM/TSP
HTLV‑1‑specific antibodies
As HTLV-1-specific antibody responses have been asso-
ciated with the pathogenesis of HTLV-1-related diseases, 
strong antibody responses against HTLV-1 antigens have 
been reported in both serum and CSF of HAM/TSP 
patients. Analysis of HTLV-1 specific antibodies in CSF 
of HAM/TSP against synthetic peptides of HTLV-1 Gag 
and Env proteins demonstrated that a diverse intrathe-
cal immune response to several HTLV-1 synthetic pep-
tides, most frequently against Gag p19 (100–130), Env 
gp21 (458–488), and Env gp46 (175–199 and 288–317) 
[102, 103]. Moreover, common peptide motifs highly 
homologous to HTLV-1 Env gp46 peptides (192–199 and 
237–243) were frequently detected in the CSF of HAM/
TSP patients [104]. HTLV-1 Tax specific antibody was 
also elevated in HAM/TSP CSF. When compared to anti-
body responses for HTLV-1 Gag, Env and Tax in CSF, 
intrathecal anti-Gag and anti-Tax antibody synthesis are 
significantly elevated in HAM/TSP patients compared to 
those in asymptomatic carriers [62]. Antibody response 
against HBZ was detected in peripheral blood of HTLV-
1-infected individuals, but only in a subset of HTLV-
1-infected individuals including asymptomatic carriers, 
patients with HAM/TSP and ATL contained anti-HBZ 
antibody and the antibody response against HBZ did 
not discriminate between clinical status [105]. In addi-
tion, antibody responses against HBZ was detectable in 
the CSF of HAM/TSP patients, but was not dramatically 
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elevated, suggesting that anti-HBZ antibody is not 
intrathecally synthesized [105].

Soluble proteins
Other than HTLV-1-specific antibodies, several useful 
or prognostic biomarkers have been reported in HAM/
TSP patients. Neopterin, a derivative of pyrimidine 
metabolism and a useful marker of activated monocytes 
and macrophages, has been reported to be elevated in 
CSF of HAM/TSP patients [106]. The concentration of 
neopterin in CSF has been shown to be associated with 
HTLV-1 PVL in PBMCs, anti-HTLV-1 antibody and the 
severity of the clinical symptoms [33, 37]. Previous stud-
ies have shown increased levels of soluble Fas in CSF and 
serum of HAM/TSP patients as well as of multiple scle-
rosis [107]. OX40 is a member of the TNF receptor fam-
ily that is expressed primarily on activated  CD4+ T cells 
and promotes the development of effector and memory 
T cells.  Higher levels of soluble OX40 was detected in 
the CSF of HAM/TSP patients with rapid progression, 
and OX40 was overexpressed in spinal cord infiltrating 
mononuclear cells in a clinically progressive HAM/TSP 
patient with a short duration of illness [108].

Cytokines and chemokines
HTLV-1 Tax protein directly induces upregulation of 
various cytokines/chemokines. Increased concentrations 
of IL-1β, IL-6, GM-CSF and IFN-γ has been reported 
in HAM/TSP CSF [109–111]. In addition, TNF-α+ cells 
have been also detected in the CSF of HAM/TSP patients 
[112]. In the spinal cords, IL-1β, TNF-α, and IFN-γ were 
expressed on perivascular infiltrating macrophages, 
astrocytes and microglia in active, chronic inflammatory 
lesions in HAM/TSP patients with a shorter duration of 
illness [113].

Some chemokines, such as CXCL9, CXCL10, CCL3, 
CCL5 and CCL11, have been reported to be elevated 
in the CSF of HAM/TSP compared to those of HTLV-1 
infected individuals or other noninflammatory neu-
rologic diseases [65, 114–116]. Immunohistochemical 
study revealed that a larger number of  CXCL10+ astro-
cytes were detected in the spinal cord lesions of patients 
with HAM/TSP than in control patients, suggesting that 
in the HAM/TSP spinal cords, astrocytes are the main 
producers of CXCL10 [65]. In addition, analysis of a total 
of 26 biomarkers candidates in blood and CSF of HTLV-1 
infected individuals and HAM/TSP patients demon-
strated that CXCL10, CXCL9 and neopterin in CSF 
were the most strongly correlated with rate of disease 
progression of HAM/TSP [115]. Following the study, a 
new proposal of classification criteria for disease activity 
of HAM/TSP has been reported based on clinical score 
and the level of neopterin and CXCL10 in the CSF [117]. 

Changes in CSF composition due to local activation, and 
drainage of meningeal immune cells could potentially 
provide signals to the periphery to induce T cell recruit-
ment. Reliable biomarkers may contribute to predicting 
the development of HAM/TSP and improving treatment 
algorithms for HAM/TSP.

Exosomes
Recent evidences demonstrate that extracellular vesicles, 
including exosomes, play critical roles in viral patho-
genesis and control of host immune responses to viral 
infection. These microvesicles contain host and viral 
components, including proteins, mRNA, and microRNA 
[118]. HTLV-1 has been shown to incorporate Tax pro-
tein, viral mRNA transcripts, proinflammatory media-
tors into shed exosomes [119]. In HAM/TSP patients, 
the exosomes containing HTLV-1 Tax proteins can be 
excreted from  CD4+CD25+ T cells ex vivo and sensitize 
target cells for lysis of HTLV-1 specific cytotoxic  CD8+ 
T cells [120]. Importantly, exosomes containing Tax 
protein were detected in the CSF of HAM/TSP patient, 
despite the absence of viral detection in the CSF super-
natant [120]. These findings suggest that incorporation 
of viral proteins and mRNAs into exosomes or alteration 
of host contents of immune cell derived exosomes may 
represent a mechanism by which viral antigens could be 
transported to the CNS and be associated with axonal 
degeneration and virus-specific immune responses in 
HAM/TSP.

Future challenges
Importance of screening and prevention of HAM/TSP
Recently, new evidences are accumulating that a propor-
tion of HTLV-1-infected individuals also have neurologi-
cal symptoms without fulfilling criteria for HAM/TSP. 
It has been reported that early neurological disorders 
were present in 24% of HTLV-1-infected individuals who 
were initially considered asymptomatic. These patients 
had sufficient signs and symptoms to classify them in a 
novel category of disease, called intermediate syndrome 
[121]. In addition, some clinical conditions, neurological 
findings and HTLV-1 PVL may be associated with fur-
ther development of full-blown HAM/TSP, in individu-
als considered free of the disease according to currently 
used criteria for its diagnosis [121]. Moreover, several 
neurological manifestations that are not explained by 
HAM/TSP have been also described in HTLV-1-infected 
individuals, such as peripheral polyneuropathy, myositis, 
dysautonomia and cognitive alterations, as well as neu-
ropathies, movement disorders and an amyotrophic lat-
eral sclerosis (ALS)-like syndrome [122]. In rare cases, 
an ALS-like syndrome can occasionally be caused by 
retroviruses such as HIV, and has been also reported in 
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HTLV-1-infected individuals and HAM/TSP patients 
[123]. Although case of HAM/TSP patients with ALS-
like syndrome differed from idiopathic ALS by the pres-
ence of bladder dysfunction, sensory and autonomic 
symptom, and the extremely slow progression [124, 125], 
it is important to further understand these neurological 
manifestations as part of the HTLV-1-associated neuro-
logic complex. In Central Australia, it has been recently 
reported a case of isolated neurogenic bladder without 
features of HAM/TSP, caused by HTLV-1 infection in an 
Aborigine renal allograft recipient [126]. Since HTLV-1 
infection is associated with a variety of clinical manifesta-
tions in patients who either do not have or who did not 
have fully developed HAM/TSP yet, it is important for 
HTLV-1-infected carriers and HAM/TSP patients to be 
monitored for risk markers particularly at the early stages 
of disease.

Animal models for HAM/TSP
Animal models provide a useful tool for the studies of 
infection, pathogenesis, treatment and prevention. Vari-
ous stages of HTLV-1 infection and disease development 
have been studied using several animal models including 
naturally infected nonhuman primates and experimental 
animals such as rabbits, rats and mice [127]. Mouse mod-
els in HTLV-1 research including immune competent, 
immune deficient, transgenic and humanized mouse have 
been successfully used to study persistent HTLV-1 infec-
tion, the role of HTLV-1 accessory genes and the devel-
opment of ATL. While there is no suitable small animal 
model to explore the pathogenesis of HTLV-1 leading 
to the development of HAM/TSP, certain strains of rats 
(HTLV-1-infected Wistar-King-Aptekman strain of rats) 
have been reported to produce HTLV-1-specific antibody 
responses and developed spastic paraparesis of the hind 
legs with degenerative thoracic spinal cord and periph-
eral nerve lesions [128–130]. HTLV-1 infected rats also 
demonstrated detection of HTLV-1 DNA in lesion-asso-
ciated microglia and macrophage, activation of HTLV-1 
pX and TNF-α mRNA and expression of IFN-γ, altered 
expression of apoptosis regulating genes in spinal cord 
lesions [131–135]. A recent paper reported that Balb/c-
Rag1-hu−/−γc−/− (Rag1) and Bone marrow Liver Thymic 
(BLT) mouse models for engraftment of human  CD34+ 
hematopoietic stem cells demonstrated susceptibility 
to HTLV-1 infection with the presence of Tax in spleen 
and the CNS [136]. However, to date, animal models 
for human neurologic diseases associated with HTLV-1 
infection is still limited. The continued development of 
small animal models would greatly facilitate studies of 
HTLV-1 chronic infection and pathogenesis of HTLV-1 
associated neurologic diseases.

Therapeutic target for HAM/TSP
To date, several trials of antiretroviral drugs and immu-
nomodulatory therapies have been reported in HAM/
TSP. Corticosteroids are most commonly used for ther-
apy of HAM/TSP patients, which showed some benefi-
cial effects, such as reduction of inflammation at early 
stage and improvement of motor disability [137]. The 
two type 1 interferons, IFN-α and IFN-β1a, were previ-
ously used in trials for HAM/TSP [138, 139]. IFN-β1a 
therapy reduced the expression of HTLV-1 tax mRNA, 
the frequency of HTLV-1-specific  CD8+ T cells and 
spontaneous lymphoproliferation. Although HTLV-1 
PVL remained stable, some measures of motor func-
tion were improved [139]. A number of studies has 
been reported about the effects of IFN-α, the role of 
IFN-α and its long-term benefit in HAM/TSP has not 
been conclusively shown. Unfortunately, antiretroviral 
drugs such as reverse transcriptase inhibitor did not 
show any significant effects against HTLV-1. In con-
trast to antiretroviral drugs, humanized monoclonal 
antibodies mainly targeted for the selective removal 
of HTLV-1-infected and activated  CD4+ T cells have 
been used and demonstrated some improvements in 
HAM/TSP patients. A humanized monoclonal anti-
body against IL-2 receptor α chain (anti-Tac) demon-
strated reductions of HTLV-1 PVL in peripheral blood 
and spontaneous lymphoproliferation in HAM/TSP 
patients [140]. A recent report demonstrated that a 
humanized anti-CCR4 monoclonal antibody (mogam-
ulizumab) decreased the number of HTLV-1-infected 
cells in peripheral blood and the level of inflamma-
tory markers, such as CXCL10 and neopterin, in CSF. 
Importantly, reduction in spasticity and motor dis-
ability was observed in 79% and 32% of HAM/TSP 
patients, respectively [141]. A humanized anti-IL-2/
IL-15 receptor β chain (Hu-Mikβ1), mainly targeted to 
inflammatory  CD8+ T cells, demonstrated inhibition 
of aberrant  CD8+ T cell functions including spontane-
ous lymphoproliferation and degranulation and IFN-γ 
expression [87].

While not an exhaustive review of all trials in HAM/
TSP, no therapy has been shown to dramatically clear 
HTLV-1 infection and significantly modify the long-term 
disability associated with HAM/TSP. The failure to detect 
any clinical improvement after therapy may be due to the 
long disease duration in HAM/TSP patients. After such 
prolonged periods of time, the neurological damages 
may not be reversible. In addition, the progression rate 
of HAM/TSP varies widely among patients. Therefore, 
early diagnosis and prompt treatment are necessary for 
successful disease prevention and long-term improve-
ment of motor disability and quality of life for HAM/TSP 
patients.
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Conclusion
Regulation of the local immune response is crucial in 
protecting the CNS from viral infection and immuno-
pathologically mediated tissue damage. Characteriza-
tion of HTLV-1 infection and CSF immune responses 
that are associated with a neuroinflammatory milieu 
may provide evidence for a pathogenic signature of an 
immunopathogenic process in HAM/TSP. These find-
ings may contribute to identifying biomarkers that 
could detect disease progression in the early stages in 
HTLV-1-infected individuals. Elimination of HTLV-1 
infection and control of HTLV-1 reactivation from 
latency remain a goal for HAM/TSP. Symptomatic 
management directed at the immune response to 
HTLV-1 is also important for patients with HAM/TSP.

Abbreviations
HTLV‑1: human T cell lymphotropic virus 1; HAM/TSP: HTLV‑1‑associated 
myelopathy/tropical spastic paraparesis; CNS: central nervous system; CSF: 
cerebrospinal fluid; ATLL: adult T cell leukemia/lymphoma; HLA: human 
leukocyte antigen; PVL: proviral load; HBZ: HTLV‑1 basic leucine zipper factor; 
IL: interleukin; TNF: tumor necrosis factor; Treg: regulatory  CD4+ T cells; FoxP3: 
forkhead box P3; TGF: transforming growth factor; BBB: blood–brain barrier; 
CTL: cytotoxic  CD8+ T cells; Tscm: stem cell‑like memory T cells; TCR : T cell 
receptor; SLAM: signaling lymphocyte activation molecule; SAP: SLAM‑associ‑
ated protein; PD‑1: programmed death receptor‑1; PML: progressive multifocal 
leukoencephalopathy; Tfh: follicular helper  CD4+ T cells.

Acknowledgements
This research was supported by the Intramural Research Program of the NIH, 
NINDS.

Authors’ contributions
YE‑A contributed to paper writing. SJ supervised and contributed to discus‑
sion and writing. Both authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 25 July 2019   Accepted: 23 November 2019

References
 1. Poiesz BJ, Ruscetti FW, Gazdar AF, Bunn PA, Minna JD, Gallo RC. 

Detection and isolation of type C retrovirus particles from fresh and 
cultured lymphocytes of a patient with cutaneous T‑cell lymphoma. 
Proc Natl Acad Sci USA. 1980;77:7415–9.

 2. Gessain A, Cassar O. Epidemiological Aspects and world distribution 
of HTLV‑1 infection. Front Microbiol. 2012;3:388.

 3. Gessain A, Barin F, Vernant JC, Gout O, Maurs L, Calender A, de The G. 
Antibodies to human T‑lymphotropic virus type‑I in patients with tropi‑
cal spastic paraparesis. Lancet. 1985;2:407–10.

 4. Osame M, Usuku K, Izumo S, Ijichi N, Amitani H, Igata A, Matsumoto 
M, Tara M. HTLV‑I associated myelopathy, a new clinical entity. Lancet. 
1986;1:1031–2.

 5. Uchiyama T. Adult T‑cell leukemia. Blood Rev. 1988;2:232–8.
 6. Umehara F, Izumo S, Nakagawa M, Ronquillo AT, Takahashi K, Mat‑

sumuro K, Sato E, Osame M. Immunocytochemical analysis of the cellu‑
lar infiltrate in the spinal cord lesions in HTLV‑I‑associated myelopathy. J 
Neuropathol Exp Neurol. 1993;52:424–30.

 7. Yamano Y, Sato T. Clinical pathophysiology of human T‑lymphotropic 
virus‑type 1‑associated myelopathy/tropical spastic paraparesis. Front 
Microbiol. 2012;3:389.

 8. Kaplan JE, Osame M, Kubota H, Igata A, Nishitani H, Maeda Y, Khabbaz 
RF, Janssen RS. The risk of development of HTLV‑I‑associated myelopa‑
thy/tropical spastic paraparesis among persons infected with HTLV‑I. J 
Acquir Immune Defic Syndr. 1990;3:1096–101.

 9. Maloney EM, Cleghorn FR, Morgan OS, Rodgers‑Johnson P, Cranston 
B, Jack N, Blattner WA, Bartholomew C, Manns A. Incidence of HTLV‑
I‑associated myelopathy/tropical spastic paraparesis (HAM/TSP) in 
Jamaica and Trinidad. J Acquir Immune Defic Syndr Hum Retrovirol. 
1998;17:167–70.

 10. Orland JR, Engstrom J, Fridey J, Sacher RA, Smith JW, Nass C, Garratty 
G, Newman B, Smith D, Wang B, et al. Prevalence and clinical features 
of HTLV neurologic disease in the HTLV outcomes study. Neurology. 
2003;61:1588–94.

 11. Kayembe K, Goubau P, Desmyter J, Vlietinck R, Carton H. A cluster of 
HTLV‑1 associated tropical spastic paraparesis in Equateur (Zaire): ethnic 
and familial distribution. J Neurol Neurosurg Psychiatry. 1990;53:4–10.

 12. Olindo S, Jeannin S, Saint‑Vil M, Signate A, Edimonana‑Kaptue M, Joux 
J, Merle H, Richard P, Granjeaud S, Cabre P, et al. Temporal trends in 
human T‑lymphotropic virus 1 (HTLV‑1) associated myelopathy/tropical 
spastic paraparesis (HAM/TSP) incidence in Martinique over 25 years 
(1986‑2010). PLoS Negl Trop Dis. 2018;12:e0006304.

 13. Romanelli LC, Caramelli P, Martins ML, Goncalves DU, Proietti FA, Ribas 
JG, Araujo MG, Carneiro‑Proietti AB. Incidence of human T cell lympho‑
tropic virus type 1‑associated myelopathy/tropical spastic paraparesis 
in a long‑term prospective cohort study of initially asymptomatic 
individuals in Brazil. AIDS Res Hum Retrovir. 2013;29:1199–202.

 14. Einsiedel LJ, Pham H, Woodman RJ, Pepperill C, Taylor KA. The 
prevalence and clinical associations of HTLV‑1 infection in a remote 
indigenous community. Med J Aust. 2016;205:305–9.

 15. Einsiedel L, Spelman T, Goeman E, Cassar O, Arundell M, Gessain A. 
Clinical associations of human T‑Lymphotropic virus type 1 infection in 
an indigenous Australian population. PLoS Negl Trop Dis. 2014;8:e2643.

 16. Enose‑Akahata Y, Caruso B, Haner B, Charlip E, Nair G, Massoud R, Bil‑
lioux BJ, Ohayon J, Switzer WM, Jacobson S. Development of neurologic 
diseases in a patient with primate T lymphotropic virus type 1 (PTLV‑1). 
Retrovirology. 2016;13:56.

 17. Daenke S, Nightingale S, Cruickshank JK, Bangham CR. Sequence 
variants of human T‑cell lymphotropic virus type I from patients with 
tropical spastic paraparesis and adult T‑cell leukemia do not distinguish 
neurological from leukemic isolates. J Virol. 1990;64:1278–82.

 18. Nishimura M, McFarlin DE, Jacobson S. Sequence comparisons of HTLV‑I 
from HAM/TSP patients and their asymptomatic spouses. Neurology. 
1993;43:2621–4.

 19. Martin F, Fedina A, Youshya S, Taylor GP. A 15‑year prospective longitu‑
dinal study of disease progression in patients with HTLV‑1 associated 
myelopathy in the UK. J Neurol Neurosurg Psychiatry. 2010;81:1336–40.

 20. Matsuzaki T, Nakagawa M, Nagai M, Usuku K, Higuchi I, Arimura K, 
Kubota H, Izumo S, Akiba S, Osame M. HTLV‑I proviral load correlates 
with progression of motor disability in HAM/TSP: analysis of 239 HAM/
TSP patients including 64 patients followed up for 10 years. J Neurovi‑
rol. 2001;7:228–34.

 21. Jeffery KJ, Usuku K, Hall SE, Matsumoto W, Taylor GP, Procter J, Bunce 
M, Ogg GS, Welsh KI, Weber JN, et al. HLA alleles determine human 
T‑lymphotropic virus‑I (HTLV‑I) proviral load and the risk of HTLV‑I‑
associated myelopathy. Proc Natl Acad Sci USA. 1999;96:3848–53.

 22. Jeffery KJ, Siddiqui AA, Bunce M, Lloyd AL, Vine AM, Witkover AD, Izumo 
S, Usuku K, Welsh KI, Osame M, Bangham CR. The influence of HLA class 



Page 11 of 14Enose‑Akahata and Jacobson  Retrovirology           (2019) 16:35 

I alleles and heterozygosity on the outcome of human T cell lympho‑
tropic virus type I infection. J Immunol. 2000;165:7278–84.

 23. Catalan‑Soares BC, Carneiro‑Proietti AB, Da Fonseca FG, Correa‑Oliveira 
R, Peralva‑Lima D, Portela R, Ribas JG, Goncalves DU, Interdisciplinary 
HRG, Proietti FA. HLA class I alleles in HTLV‑1‑associated myelopathy 
and asymptomatic carriers from the Brazilian cohort GIPH. Med Micro‑
biol Immunol. 2009;198:1–3.

 24. Macnamara A, Rowan A, Hilburn S, Kadolsky U, Fujiwara H, Suemori 
K, Yasukawa M, Taylor G, Bangham CR, Asquith B. HLA class I bind‑
ing of HBZ determines outcome in HTLV‑1 infection. PLoS Pathog. 
2010;6:e1001117.

 25. Trevino A, Vicario JL, Lopez M, Parra P, Benito R, de Lejarazu RO, Ramos 
JM, Del Romero J, de Mendoza C, Soriano V. Association between HLA 
alleles and HAM/TSP in individuals infected with HTLV‑1. J Neurol. 
2013;260:2551–5.

 26. Sabouri AH, Saito M, Lloyd AL, Vine AM, Witkover AW, Furukawa Y, Izumo 
S, Arimura K, Marshall SE, Usuku K, et al. Polymorphism in the inter‑
leukin‑10 promoter affects both provirus load and the risk of human 
T lymphotropic virus type I‑associated myelopathy/tropical spastic 
paraparesis. J Infect Dis. 2004;190:1279–85.

 27. Gadelha SR, Junior Alcantara LC, Costa GC, Acosta AX, Rios D, Kashima 
S, Covas DT, Galvao‑Castro B. Correlation between polymorphisms at 
interleukin‑6 but not at interleukin‑10 promoter and the risk of human 
T lymphotropic virus type I‑associated myelopathy/tropical spastic 
paraparesis in Brazilian individuals. J Med Virol. 2008;80:2141–6.

 28. Vine AM, Witkover AD, Lloyd AL, Jeffery KJ, Siddiqui A, Marshall SE, 
Bunce M, Eiraku N, Izumo S, Usuku K, et al. Polygenic control of human 
T lymphotropic virus type I (HTLV‑I) provirus load and the risk of 
HTLV‑I‑associated myelopathy/tropical spastic paraparesis. J Infect Dis. 
2002;186:932–9.

 29. Nozuma S, Matsuura E, Kodama D, Tashiro Y, Matsuzaki T, Kubota R, 
Izumo S, Takashima H. Effects of host restriction factors and the HTLV‑1 
subtype on susceptibility to HTLV‑1‑associated myelopathy/tropical 
spastic paraparesis. Retrovirology. 2017;14:26.

 30. Aye MM, Matsuoka E, Moritoyo T, Umehara F, Suehara M, Hokezu Y, 
Yamanaka H, Isashiki Y, Osame M, Izumo S. Histopathological analysis 
of four autopsy cases of HTLV‑I‑associated myelopathy/tropical spastic 
paraparesis: inflammatory changes occur simultaneously in the entire 
central nervous system. Acta Neuropathol. 2000;100:245–52.

 31. Gessain A, Caudie C, Gout O, Vernant JC, Maurs L, Giordano C, Malone 
G, Tournier‑Lasserve E, Essex M, de‑The G. Intrathecal synthesis of anti‑
bodies to human T lymphotropic virus type I and the presence of IgG 
oligoclonal bands in the cerebrospinal fluid of patients with endemic 
tropical spastic paraparesis. J Infect Dis. 1988;157:1226–34.

 32. Milagres AC, Jorge ML, Marchiori PE, Segurado AA. Human T cell 
lymphotropic virus type 1‑associated myelopathy in Sao Paulo, Brazil. 
Epidemiologic and clinical features of a university hospital cohort. 
Neuroepidemiology. 2002;21:153–8.

 33. Nakagawa M, Izumo S, Ijichi S, Kubota H, Arimura K, Kawabata M, 
Osame M. HTLV‑I‑associated myelopathy: analysis of 213 patients based 
on clinical features and laboratory findings. J Neurovirol. 1995;1:50–61.

 34. Azodi S, Nair G, Enose‑Akahata Y, Charlip E, Vellucci A, Cortese I, Dwyer 
J, Billioux BJ, Thomas C, Ohayon J, et al. Imaging spinal cord atrophy 
in progressive myelopathies: HTLV‑I‑associated neurological disease 
(HAM/TSP) and multiple sclerosis (MS). Ann Neurol. 2017;82:719–28.

 35. Liu W, Nair G, Vuolo L, Bakshi A, Massoud R, Reich DS, Jacobson S. 
In vivo imaging of spinal cord atrophy in neuroinflammatory diseases. 
Ann Neurol. 2014;76:370–8.

 36. Vilchez C, Gonzalez‑Reinoso M, Cubbison C, Perez‑Then E, Roa P, 
Martinez A, Foerster B, Oviedo J, Stoeter P. Atrophy, focal spinal cord 
lesions and alterations of diffusion tensor imaging (DTI) parameters 
in asymptomatic virus carriers and patients suffering from human 
T‑lymphotrophic virus type 1 (HTLV‑1)‑associated myelopathy/tropical 
spastic paraparesis (HAM/TSP). J Neurovirol. 2014;20:583–90.

 37. Nagai M, Usuku K, Matsumoto W, Kodama D, Takenouchi N, Moritoyo 
T, Hashiguchi S, Ichinose M, Bangham CR, Izumo S, Osame M. Analysis 
of HTLV‑I proviral load in 202 HAM/TSP patients and 243 asymptomatic 
HTLV‑I carriers: high proviral load strongly predisposes to HAM/TSP. J 
Neurovirol. 1998;4:586–93.

 38. Demontis MA, Hilburn S, Taylor GP. Human T cell lymphotropic virus 
type 1 viral load variability and long‑term trends in asymptomatic 

carriers and in patients with human T cell lymphotropic virus type 
1‑related diseases. AIDS Res Hum Retrovir. 2013;29:359–64.

 39. Martins ML, Guimaraes JC, Ribas JG, Romanelli LC, de Freitas 
Carneiro‑Proietti AB. Long‑term follow‑up of HTLV‑1 proviral load in 
asymptomatic carriers and in incident cases of HAM/TSP: what is its 
relevance as a prognostic marker for neurologic disease? J Neurovirol. 
2017;23:125–33.

 40. Brunetto GS, Massoud R, Leibovitch EC, Caruso B, Johnson K, Ohayon 
J, Fenton K, Cortese I, Jacobson S. Digital droplet PCR (ddPCR) for the 
precise quantification of human T‑lymphotropic virus 1 proviral loads 
in peripheral blood and cerebrospinal fluid of HAM/TSP patients and 
identification of viral mutations. J Neurovirol. 2014;20:341–51.

 41. Lezin A, Olindo S, Oliere S, Varrin‑Doyer M, Marlin R, Cabre P, Smadja 
D, Cesaire R. Human T lymphotropic virus type I (HTLV‑I) proviral load 
in cerebrospinal fluid: a new criterion for the diagnosis of HTLV‑I‑
associated myelopathy/tropical spastic paraparesis? J Infect Dis. 
2005;191:1830–4.

 42. Nagai M, Yamano Y, Brennan MB, Mora CA, Jacobson S. Increased HTLV‑I 
proviral load and preferential expansion of HTLV‑I tax‑specific  CD8+ T 
cells in cerebrospinal fluid from patients with HAM/TSP. Ann Neurol. 
2001;50:807–12.

 43. Takenouchi N, Yamano Y, Usuku K, Osame M, Izumo S. Usefulness 
of proviral load measurement for monitoring of disease activity in 
individual patients with human T‑lymphotropic virus type I‑associated 
myelopathy/tropical spastic paraparesis. J Neurovirol. 2003;9:29–35.

 44. Puccioni‑Sohler M, Yamano Y, Rios M, Carvalho SM, Vasconcelos CC, 
Papais‑Alvarenga R, Jacobson S. Differentiation of HAM/TSP from 
patients with multiple sclerosis infected with HTLV‑I. Neurology. 
2007;68:206–13.

 45. Matsuoka M, Jeang KT. Human T‑cell leukaemia virus type 1 (HTLV‑1) 
infectivity and cellular transformation. Nat Rev Cancer. 2007;7:270–80.

 46. Hanon E, Asquith RE, Taylor GP, Tanaka Y, Weber JN, Bangham CR. High 
frequency of viral protein expression in human T cell lymphotropic 
virus type 1‑infected peripheral blood mononuclear cells. AIDS Res 
Hum Retrovir. 2000;16:1711–5.

 47. Yamano Y, Nagai M, Brennan M, Mora CA, Soldan SS, Tomaru U, 
Takenouchi N, Izumo S, Osame M, Jacobson S. Correlation of human 
T‑cell lymphotropic virus type 1 (HTLV‑1) mRNA with proviral DNA load, 
virus‑specific CD8(+) T cells, and disease severity in HTLV‑1‑associated 
myelopathy (HAM/TSP). Blood. 2002;99:88–94.

 48. Cartier L, Ramirez E. Presence of HTLV‑I Tax protein in cerebrospinal fluid 
from HAM/TSP patients. Arch Virol. 2005;150:743–53.

 49. Lehky TJ, Fox CH, Koenig S, Levin MC, Flerlage N, Izumo S, Sato E, 
Raine CS, Osame M, Jacobson S. Detection of human T‑lymphotropic 
virus type I (HTLV‑I) tax RNA in the central nervous system of HTLV‑I‑
associated myelopathy/tropical spastic paraparesis patients by in situ 
hybridization. Ann Neurol. 1995;37:167–75.

 50. Moritoyo T, Izumo S, Moritoyo H, Tanaka Y, Kiyomatsu Y, Nagai M, Usuku 
K, Sorimachi M, Osame M. Detection of human T‑lymphotropic virus 
type I p40tax protein in cerebrospinal fluid cells from patients with 
human T‑lymphotropic virus type I‑associated myelopathy/tropical 
spastic paraparesis. J Neurovirol. 1999;5:241–8.

 51. Saito M, Matsuzaki T, Satou Y, Yasunaga J, Saito K, Arimura K, Matsuoka 
M, Ohara Y. In vivo expression of the HBZ gene of HTLV‑1 correlates 
with proviral load, inflammatory markers and disease severity in HTLV‑1 
associated myelopathy/tropical spastic paraparesis (HAM/TSP). Retrovi‑
rology. 2009;6:19.

 52. Baratella M, Forlani G, Raval GU, Tedeschi A, Gout O, Gessain A, Tosi G, 
Accolla RS. Cytoplasmic localization of HTLV‑1 HBZ protein: a biomarker 
of HTLV‑1‑associated myelopathy/tropical spastic paraparesis (HAM/
TSP). PLoS Negl Trop Dis. 2017;11:e0005285.

 53. Meekings KN, Leipzig J, Bushman FD, Taylor GP, Bangham CR. HTLV‑1 
integration into transcriptionally active genomic regions is associ‑
ated with proviral expression and with HAM/TSP. PLoS Pathog. 
2008;4:e1000027.

 54. Gillet NA, Malani N, Melamed A, Gormley N, Carter R, Bentley D, Berry C, 
Bushman FD, Taylor GP, Bangham CR. The host genomic environment 
of the provirus determines the abundance of HTLV‑1‑infected T‑cell 
clones. Blood. 2011;117:3113–22.

 55. Melamed A, Laydon DJ, Gillet NA, Tanaka Y, Taylor GP, Bangham 
CR. Genome‑wide determinants of proviral targeting, clonal 



Page 12 of 14Enose‑Akahata and Jacobson  Retrovirology           (2019) 16:35 

abundance and expression in natural HTLV‑1 infection. PLoS Pathog. 
2013;9:e1003271.

 56. Satou Y, Miyazato P, Ishihara K, Yaguchi H, Melamed A, Miura M, Fukuda 
A, Nosaka K, Watanabe T, Rowan AG, et al. The retrovirus HTLV‑1 inserts 
an ectopic CTCF‑binding site into the human genome. Proc Natl Acad 
Sci USA. 2016;113:3054–9.

 57. Kulkarni A, Mateus M, Thinnes CC, McCullagh JS, Schofield CJ, Taylor GP, 
Bangham CRM. Glucose metabolism and oxygen availability govern 
reactivation of the latent human retrovirus HTLV‑1. Cell Chem Biol. 
2017;24(1377–1387):e1373.

 58. Minhas G, Mathur D, Ragavendrasamy B, Sharma NK, Paanu V, Anand 
A. Hypoxia in CNS pathologies: emerging role of miRNA‑based neu‑
rotherapeutics and yoga based alternative therapies. Front Neurosci. 
2017;11:386.

 59. Manel N, Kim FJ, Kinet S, Taylor N, Sitbon M, Battini JL. The ubiq‑
uitous glucose transporter GLUT‑1 is a receptor for HTLV. Cell. 
2003;115:449–59.

 60. Levin MC, Krichavsky M, Fox RJ, Lehky T, Jacobson S, Fox C, Kleghorn F, 
White J, Young N, Edwards RJ, et al. Extensive latent retroviral infection 
in bone marrow of patients with HTLV‑I‑associated neurologic disease. 
Blood. 1997;89:346–8.

 61. Yamano Y, Araya N, Sato T, Utsunomiya A, Azakami K, Hasegawa D, 
Izumi T, Fujita H, Aratani S, Yagishita N, et al. Abnormally high levels of 
virus‑infected IFN‑gamma+CCR4+CD4+CD25+ T cells in a retrovirus‑
associated neuroinflammatory disorder. PLoS ONE. 2009;4:e6517.

 62. Enose‑Akahata Y, Azodi S, Smith BR, Billioux BJ, Vellucci A, Ngouth N, 
Tanaka Y, Ohayon J, Cortese I, Nath A, Jacobson S. Immunophenotypic 
characterization of CSF B cells in virus‑associated neuroinflammatory 
diseases. PLoS Pathog. 2018;14:e1007042.

 63. Araya N, Sato T, Ando H, Tomaru U, Yoshida M, Coler‑Reilly A, Yagishita 
N, Yamauchi J, Hasegawa A, Kannagi M, et al. HTLV‑1 induces a Th1‑like 
state in CD4+CCR4+ T cells. J Clin Invest. 2014;124:3431–42.

 64. Yamano Y, Takenouchi N, Li HC, Tomaru U, Yao K, Grant CW, Maric 
DA, Jacobson S. Virus‑induced dysfunction of CD4+CD25+ T cells in 
patients with HTLV‑I‑associated neuroimmunological disease. J Clin 
Invest. 2005;115:1361–8.

 65. Ando H, Sato T, Tomaru U, Yoshida M, Utsunomiya A, Yamauchi J, Araya 
N, Yagishita N, Coler‑Reilly A, Shimizu Y, et al. Positive feedback loop via 
astrocytes causes chronic inflammation in virus‑associated myelopathy. 
Brain. 2013;136:2876–87.

 66. Sakaguchi S, Sakaguchi N, Shimizu J, Yamazaki S, Sakihama T, Itoh M, 
Kuniyasu Y, Nomura T, Toda M, Takahashi T. Immunologic tolerance 
maintained by CD25+CD4+ regulatory T cells: their common role in 
controlling autoimmunity, tumor immunity, and transplantation toler‑
ance. Immunol Rev. 2001;182:18–32.

 67. Anderson MR, Enose‑Akahata Y, Massoud R, Ngouth N, Tanaka Y, Oh U, 
Jacobson S. Epigenetic modification of the FoxP3 TSDR in HAM/TSP 
decreases the functional suppression of Tregs. J Neuroimmune Pharma‑
col. 2014;9:522–32.

 68. Yamano Y, Cohen CJ, Takenouchi N, Yao K, Tomaru U, Li HC, Reiter Y, 
Jacobson S. Increased expression of human T lymphocyte virus type I 
(HTLV‑I) Tax11‑19 peptide‑human histocompatibility leukocyte antigen 
A*201 complexes on CD4+CD25+ T Cells detected by peptide‑
specific, major histocompatibility complex‑restricted antibodies 
in patients with HTLV‑I‑associated neurologic disease. J Exp Med. 
2004;199:1367–77.

 69. Grant C, Oh U, Yao K, Yamano Y, Jacobson S. Dysregulation of TGF‑beta 
signaling and regulatory and effector T‑cell function in virus‑induced 
neuroinflammatory disease. Blood. 2008;111:5601–9.

 70. Yamamoto‑Taguchi N, Satou Y, Miyazato P, Ohshima K, Nakagawa M, 
Katagiri K, Kinashi T, Matsuoka M. HTLV‑1 bZIP factor induces inflamma‑
tion through labile Foxp3 expression. PLoS Pathog. 2013;9:e1003630.

 71. Manivannan K, Rowan AG, Tanaka Y, Taylor GP, Bangham CR. CADM1/
TSLC1 identifies HTLV‑1‑infected cells and determines their susceptibil‑
ity to CTL‑mediated lysis. PLoS Pathog. 2016;12:e1005560.

 72. Nejmeddine M, Negi VS, Mukherjee S, Tanaka Y, Orth K, Taylor GP, 
Bangham CR. HTLV‑1‑Tax and ICAM‑1 act on T‑cell signal pathways to 
polarize the microtubule‑organizing center at the virological synapse. 
Blood. 2009;114:1016–25.

 73. Valentin H, Lemasson I, Hamaia S, Casse H, Konig S, Devaux C, Gazzolo 
L. Transcriptional activation of the vascular cell adhesion molecule‑1 

gene in T lymphocytes expressing human T‑cell leukemia virus type 1 
Tax protein. J Virol. 1997;71:8522–30.

 74. Yasuma K, Yasunaga J, Takemoto K, Sugata K, Mitobe Y, Takenouchi N, 
Nakagawa M, Suzuki Y, Matsuoka M. HTLV‑1 bZIP factor impairs anti‑viral 
immunity by inducing co‑inhibitory molecule, T cell immunoglobulin 
and ITIM domain (TIGIT). PLoS Pathog. 2016;12:e1005372.

 75. Curis C, Percher F, Jeannin P, Montange T, Chevalier SA, Seilhean D, 
Cartier L, Couraud PO, Gout O, Gessain A, et al. Human T‑lymphotropic 
virus type 1‑induced overexpression of activated leukocyte cell adhe‑
sion molecule (ALCAM) facilitates trafficking of infected lymphocytes 
through the blood‑brain barrier. J Virol. 2016;90:7303–12.

 76. Jacobson S, Shida H, McFarlin DE, Fauci AS, Koenig S. Circulating CD8+ 
cytotoxic T lymphocytes specific for HTLV‑I pX in patients with HTLV‑I 
associated neurological disease. Nature. 1990;348:245–8.

 77. Hanon E, Hall S, Taylor GP, Saito M, Davis R, Tanaka Y, Usuku K, Osame 
M, Weber JN, Bangham CR. Abundant tax protein expression in CD4+ 
T cells infected with human T‑cell lymphotropic virus type I (HTLV‑I) is 
prevented by cytotoxic T lymphocytes. Blood. 2000;95:1386–92.

 78. Vine AM, Heaps AG, Kaftantzi L, Mosley A, Asquith B, Witkover A, 
Thompson G, Saito M, Goon PK, Carr L, et al. The role of CTLs in persis‑
tent viral infection: cytolytic gene expression in CD8+ lymphocytes 
distinguishes between individuals with a high or low proviral load of 
human T cell lymphotropic virus type 1. J Immunol. 2004;173:5121–9.

 79. Matsui M, Nagumo F, Tadano J, Kuroda Y. Characterization of humoral 
and cellular immunity in the central nervous system of HAM/TSP. J 
Neurol Sci. 1995;130:183–9.

 80. Greten TF, Slansky JE, Kubota R, Soldan SS, Jaffee EM, Leist TP, Pardoll 
DM, Jacobson S, Schneck JP. Direct visualization of antigen‑specific 
T cells: HTLV‑1 Tax11‑19‑ specific CD8(+) T cells are activated in 
peripheral blood and accumulate in cerebrospinal fluid from HAM/TSP 
patients. Proc Natl Acad Sci USA. 1998;95:7568–73.

 81. Kubota R, Kawanishi T, Matsubara H, Manns A, Jacobson S. Demonstra‑
tion of human T lymphotropic virus type I (HTLV‑I) tax‑specific CD8+ 
lymphocytes directly in peripheral blood of HTLV‑I‑associated myelopa‑
thy/tropical spastic paraparesis patients by intracellular cytokine detec‑
tion. J Immunol. 1998;161:482–8.

 82. Matsuura E, Kubota R, Tanaka Y, Takashima H, Izumo S. Visualization of 
HTLV‑1‑specific cytotoxic T lymphocytes in the spinal cords of patients 
with HTLV‑1‑associated myelopathy/tropical spastic paraparesis. J 
Neuropathol Exp Neurol. 2015;74:2–14.

 83. Hilburn S, Rowan A, Demontis MA, MacNamara A, Asquith B, Bangham 
CR, Taylor GP. In vivo expression of human T‑lymphotropic virus type 
1 basic leucine‑zipper protein generates specific CD8+ and CD4+ 
T‑lymphocyte responses that correlate with clinical outcome. J Infect 
Dis. 2011;203:529–36.

 84. Waldmann TA. The shared and contrasting roles of IL2 and IL15 in the 
life and death of normal and neoplastic lymphocytes: implications for 
cancer therapy. Cancer Immunol Res. 2015;3:219–27.

 85. Azimi N, Jacobson S, Leist T, Waldmann TA. Involvement of IL‑15 in 
the pathogenesis of human T lymphotropic virus type I‑associated 
myelopathy/tropical spastic paraparesis: implications for therapy with 
a monoclonal antibody directed to the IL‑2/15R beta receptor. J Immu‑
nol. 1999;163:4064–72.

 86. Gattinoni L, Lugli E, Ji Y, Pos Z, Paulos CM, Quigley MF, Almeida JR, Gos‑
tick E, Yu Z, Carpenito C, et al. A human memory T cell subset with stem 
cell‑like properties. Nat Med. 2011;17:1290–7.

 87. Enose‑Akahata Y, Oh U, Ohayon J, Billioux BJ, Massoud R, Bryant BR, 
Vellucci A, Ngouth N, Cortese I, Waldmann TA, Jacobson S. Clinical trial 
of a humanized anti‑IL‑2/IL‑15 receptor beta chain in HAM/TSP. Ann Clin 
Transl Neurol. 2019;6(8):1383–94.

 88. Alves Sousa AP, Johnson KR, Ohayon J, Zhu J, Muraro PA, Jacobson S. 
Comprehensive analysis of TCR‑beta repertoire in patients with neuro‑
logical immune‑mediated disorders. Sci Rep. 2019;9:344.

 89. Hanon E, Goon P, Taylor GP, Hasegawa H, Tanaka Y, Weber JN, Bangham 
CR. High production of interferon gamma but not interleukin‑2 by 
human T‑lymphotropic virus type I‑infected peripheral blood mononu‑
clear cells. Blood. 2001;98:721–6.

 90. Hanon E, Stinchcombe JC, Saito M, Asquith BE, Taylor GP, Tanaka Y, 
Weber JN, Griffiths GM, Bangham CR. Fratricide among CD8(+) T lym‑
phocytes naturally infected with human T cell lymphotropic virus type 
I. Immunity. 2000;13:657–64.



Page 13 of 14Enose‑Akahata and Jacobson  Retrovirology           (2019) 16:35 

 91. Kubota R, Kawanishi T, Matsubara H, Manns A, Jacobson S. HTLV‑I 
specific IFN‑gamma+CD8+ lymphocytes correlate with the proviral 
load in peripheral blood of infected individuals. J Neuroimmunol. 
2000;102:208–15.

 92. Enose‑Akahata Y, Oh U, Grant C, Jacobson S. Retrovirally induced CTL 
degranulation mediated by IL‑15 expression and infection of mononu‑
clear phagocytes in patients with HTLV‑I‑associated neurologic disease. 
Blood. 2008;112:2400–10.

 93. Azimi N, Nagai M, Jacobson S, Waldmann TA. IL‑15 plays a major role in 
the persistence of Tax‑specific CD8 cells in HAM/TSP patients. Proc Natl 
Acad Sci USA. 2001;98:14559–64.

 94. Enose‑Akahata Y, Matsuura E, Oh U, Jacobson S. High expression of 
CD244 and SAP regulated CD8 T cell responses of patients with HTLV‑I 
associated neurologic disease. PLoS Pathog. 2009;5:e1000682.

 95. Abdelbary NH, Abdullah HM, Matsuzaki T, Hayashi D, Tanaka Y, 
Takashima H, Izumo S, Kubota R. Reduced Tim‑3 expression on human 
T‑lymphotropic virus type I (HTLV‑I) Tax‑specific cytotoxic T lympho‑
cytes in HTLV‑I infection. J Infect Dis. 2011;203:948–59.

 96. Ndhlovu LC, Leal FE, Hasenkrug AM, Jha AR, Carvalho KI, Eccles‑James 
IG, Bruno FR, Vieira RG, York VA, Chew GM, et al. HTLV‑1 tax specific 
CD8+ T cells express low levels of Tim‑3 in HTLV‑1 infection: implica‑
tions for progression to neurological complications. PLoS Negl Trop Dis. 
2011;5:e1030.

 97. Cortese I, Muranski P, Enose‑Akahata Y, Ha SK, Smith B, Monaco M, 
Ryschkewitsch C, Major EO, Ohayon J, Schindler MK, et al. Pembroli‑
zumab treatment for progressive multifocal leukoencephalopathy. N 
Engl J Med. 2019;380:1597–605.

 98. Kozako T, Yoshimitsu M, Akimoto M, White Y, Matsushita K, Soeda S, 
Shimeno H, Kubota R, Izumo S, Arima N. Programmed death‑1 (PD‑1)/
PD‑1 ligand pathway‑mediated immune responses against human 
T‑lymphotropic virus type 1 (HTLV‑1) in HTLV‑1‑associated myelopathy/
tropical spastic paraparesis and carriers with autoimmune disorders. 
Hum Immunol. 2011;72:1001–6.

 99. Puccioni‑Sohler M, Rios M, Bianco C, Zhu SW, Oliveira C, Novis SA, 
Pombo‑de‑Oliveira MS. An inverse correlation of HTLV‑I viral load in CSF 
and intrathecal synthesis of HTLV‑I antibodies in TSP/HAM. Neurology. 
1999;53:1335–9.

 100. Lee S, Shin Y, Marler J, Levin MC. Post‑translational glycosylation 
of target proteins implicate molecular mimicry in the pathogen‑
esis of HTLV‑1 associated neurological disease. J Neuroimmunol. 
2008;204:140–8.

 101. Levin MC, Lee SM, Kalume F, Morcos Y, Dohan FC Jr, Hasty KA, Callaway 
JC, Zunt J, Desiderio D, Stuart JM. Autoimmunity due to molecular 
mimicry as a cause of neurological disease. Nat Med. 2002;8:509–13.

 102. Kitze B, Usuku K, Izumo S, Nakamura M, Shiraki H, Ijichi S, Yashiki S, 
Fujiyoshi T, Sonoda S, Osame M. Diversity of intrathecal antibody syn‑
thesis against HTLV‑I and its relation to HTLV‑I associated myelopathy. J 
Neurol. 1996;243:393–400.

 103. Nakamura M, Kuroki M, Kira J, Itoyama Y, Shiraki H, Kuroda N, Washitani 
Y, Nakano S, Nagafuchi S, Anzai K, et al. Elevated antibodies to synthetic 
peptides of HTLV‑1 envelope transmembrane glycoproteins in patients 
with HAM/TSP. J Neuroimmunol. 1991;35:167–77.

 104. Fujimori J, Nakashima I, Fujihara K, Feng J, Yamamoto M, Yamamoto 
N, Begum N, Sagara Y, Shiraki H, Shiga Y, et al. Epitope analysis of the 
cerebrospinal fluid IgG in HTLV‑I associated myelopathy patients using 
phage display method. J Neuroimmunol. 2004;152:140–6.

 105. Enose‑Akahata Y, Abrams A, Massoud R, Bialuk I, Johnson KR, Green PL, 
Maloney EM, Jacobson S. Humoral immune response to HTLV‑1 basic 
leucine zipper factor (HBZ) in HTLV‑1‑infected individuals. Retrovirology. 
2013;10:19.

 106. Nomoto M, Utatsu Y, Soejima Y, Osame M. Neopterin in cerebrospinal 
fluid: a useful marker for diagnosis of HTLV‑I‑associated myelopathy/
tropical spastic paraparesis. Neurology. 1991;41:457.

 107. Inoue A, Koh CS, Sakai T, Yamazaki M, Yanagisawa N, Usuku K, Osame 
M. Detection of the soluble form of the Fas molecule in patients with 
multiple sclerosis and human T‑lymphotropic virus type I‑associated 
myelopathy. J Neuroimmunol. 1997;75:141–6.

 108. Saito M, Tanaka R, Arishima S, Matsuzaki T, Ishihara S, Tokashiki T, Ohya 
Y, Takashima H, Umehara F, Izumo S, Tanaka Y. Increased expres‑
sion of OX40 is associated with progressive disease in patients with 

HTLV‑1‑associated myelopathy/tropical spastic paraparesis. Retrovirol‑
ogy. 2013;10:51.

 109. Kuroda Y, Matsui M. Cerebrospinal fluid interferon‑gamma is increased 
in HTLV‑I‑associated myelopathy. J Neuroimmunol. 1993;42:223–6.

 110. Kuroda Y, Matsui M, Takashima H, Kurohara K. Granulocyte‑macrophage 
colony‑stimulating factor and interleukin‑1 increase in cerebrospinal 
fluid, but not in serum, of HTLV‑I‑associated myelopathy. J Neuroimmu‑
nol. 1993;45:133–6.

 111. Nishimoto N, Yoshizaki K, Eiraku N, Machigashira K, Tagoh H, Ogata A, 
Kuritani T, Osame M, Kishimoto T. Elevated levels of interleukin‑6 in 
serum and cerebrospinal fluid of HTLV‑I‑associated myelopathy/tropical 
spastic paraparesis. J Neurol Sci. 1990;97:183–93.

 112. Nakamura S, Nagano I, Yoshioka M, Shimazaki S, Onodera J, Kogure K. 
Detection of tumor necrosis factor‑alpha‑positive cells in cerebrospinal 
fluid of patients with HTLV‑I‑associated myelopathy. J Neuroimmunol. 
1993;42:127–30.

 113. Umehara F, Izumo S, Ronquillo AT, Matsumuro K, Sato E, Osame M. 
Cytokine expression in the spinal cord lesions in HTLV‑I‑associated 
myelopathy. J Neuropathol Exp Neurol. 1994;53:72–7.

 114. Narikawa K, Fujihara K, Misu T, Feng J, Fujimori J, Nakashima I, Miyazawa 
I, Saito H, Sato S, Itoyama Y. CSF‑chemokines in HTLV‑I‑associated mye‑
lopathy: CXCL10 up‑regulation and therapeutic effect of interferon‑
alpha. J Neuroimmunol. 2005;159:177–82.

 115. Sato T, Coler‑Reilly A, Utsunomiya A, Araya N, Yagishita N, Ando H, 
Yamauchi J, Inoue E, Ueno T, Hasegawa Y, et al. CSF CXCL10, CXCL9, 
and neopterin as candidate prognostic biomarkers for HTLV‑1‑asso‑
ciated myelopathy/tropical spastic paraparesis. PLoS Negl Trop Dis. 
2013;7:e2479.

 116. Tanaka M, Matsushita T, Tateishi T, Ochi H, Kawano Y, Mei FJ, Minohara 
M, Murai H, Kira JI. Distinct CSF cytokine/chemokine profiles in atopic 
myelitis and other causes of myelitis. Neurology. 2008;71:974–81.

 117. Sato T, Yagishita N, Tamaki K, Inoue E, Hasegawa D, Nagasaka M, Suzuki 
H, Araya N, Coler‑Reilly A, Hasegawa Y, et al. Proposal of classification 
criteria for HTLV‑1‑associated myelopathy/tropical spastic paraparesis 
disease activity. Front Microbiol. 2018;9:1651.

 118. Anderson MR, Kashanchi F, Jacobson S. Exosomes in viral disease. 
Neurotherapeutics. 2016;13:535–46.

 119. Jaworski E, Narayanan A, Van Duyne R, Shabbeer‑Meyering S, Iordanskiy 
S, Saifuddin M, Das R, Afonso PV, Sampey GC, Chung M, et al. Human 
T‑lymphotropic virus type 1‑infected cells secrete exosomes that con‑
tain Tax protein. J Biol Chem. 2014;289:22284–305.

 120. Anderson MR, Pleet ML, Enose‑Akahata Y, Erickson J, Monaco MC, 
Akpamagbo Y, Velluci A, Tanaka Y, Azodi S, Lepene B, et al. Viral antigens 
detectable in CSF exosomes from patients with retrovirus associated 
neurologic disease: functional role of exosomes. Clin Transl Med. 
2018;7:24.

 121. Haziot ME, Gascon MR, Assone T, Fonseca LAM, Luiz ODC, Smid J, 
Paiva AM, Marcusso R, de Oliveira ACP, Casseb J. Detection of clinical 
and neurological signs in apparently asymptomatic HTLV‑1 infected 
carriers: association with high proviral load. PLoS Negl Trop Dis. 
2019;13:e0006967.

 122. Tanajura D, Castro N, Oliveira P, Neto A, Muniz A, Carvalho NB, Orge 
G, Santos S, Glesby MJ, Carvalho EM. Neurological manifestations in 
human T‑cell lymphotropic virus type 1 (HTLV‑1)‑infected individuals 
without HTLV‑1‑associated myelopathy/tropical spastic paraparesis: a 
longitudinal cohort study. Clin Infect Dis. 2015;61:49–56.

 123. Alfahad T, Nath A. Retroviruses and amyotrophic lateral sclerosis. Antivi‑
ral Res. 2013;99:180–7.

 124. Matsuzaki T, Nakagawa M, Nagai M, Nobuhara Y, Usuku K, Higuchi I, 
Takahashi K, Moritoyo T, Arimura K, Izumo S, et al. HTLV‑I‑associated 
myelopathy (HAM)/tropical spastic paraparesis (TSP) with amyotrophic 
lateral sclerosis‑like manifestations. J Neurovirol. 2000;6:544–8.

 125. Silva MT, Leite AC, Alamy AH, Chimelli L, Andrada‑Serpa MJ, Araujo AQ. 
ALS syndrome in HTLV‑I infection. Neurology. 2005;65:1332–3.

 126. Nayar S, Pawar B, Einsiedel L, Fernandes D, George P, Thomas S, Sajiv C. 
Isolated neurogenic bladder associated with human T‑lymphotropic 
virus type 1 infection in a renal transplant patient from central Australia: 
a case report. Transplant Proc. 2018;50:3940–2.

 127. Panfil AR, Al‑Saleem JJ, Green PL. Animal models utilized in HTLV‑1 
research. Virology. 2013;4:49–59.



Page 14 of 14Enose‑Akahata and Jacobson  Retrovirology           (2019) 16:35 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 128. Ishiguro N, Abe M, Seto K, Sakurai H, Ikeda H, Wakisaka A, Togashi T, 
Tateno M, Yoshiki T. A rat model of human T lymphocyte virus type 
I (HTLV‑I) infection. 1. Humoral antibody response, provirus integra‑
tion, and HTLV‑I‑associated myelopathy/tropical spastic paraparesis‑
like myelopathy in seronegative HTLV‑I carrier rats. J Exp Med. 
1992;176:981–9.

 129. Kushida S, Matsumura M, Tanaka H, Ami Y, Hori M, Kobayashi M, Uchida 
K, Yagami K, Kameyama T, Yoshizawa T, et al. HTLV‑1‑associated mye‑
lopathy/tropical spastic paraparesis‑like rats by intravenous injection of 
HTLV‑1‑producing rabbit or human T‑cell line into adult WKA rats. Jpn J 
Cancer Res. 1993;84:831–3.

 130. Kushida S, Mizusawa H, Matsumura M, Tanaka H, Ami Y, Hori M, Yagami 
K, Kameyama T, Tanaka Y, Yoshida A, et al. High incidence of HAM/
TSP‑like symptoms in WKA rats after administration of human T‑cell 
leukemia virus type 1‑producing cells. J Virol. 1994;68:7221–6.

 131. Ohya O, Ikeda H, Tomaru U, Yamashita I, Kasai T, Morita K, Wakisaka A, 
Yoshiki T. Human T‑lymphocyte virus type I (HTLV‑I)‑induced myeloneu‑
ropathy in rats: oligodendrocytes undergo apoptosis in the presence of 
HTLV‑I. APMIS. 2000;108:459–66.

 132. Ohya O, Tomaru U, Yamashita I, Kasai T, Morita K, Ikeda H, Wakisaka A, 
Yoshiki T. HTLV‑I induced myeloneuropathy in WKAH rats: apoptosis and 
local activation of the HTLV‑I pX and TNF‑alpha genes implicated in the 
pathogenesis. Leukemia. 1997;11(Suppl 3):255–7.

 133. Tomaru U, Ikeda H, Jiang X, Ohya O, Yoshiki T. Provirus expansion and 
deregulation of apoptosis‑related genes in the spinal cord of a rat 
model for human T‑lymphocyte virus type I‑associated myeloneuropa‑
thy. J Neurovirol. 2003;9:530–8.

 134. Miyatake Y, Ikeda H, Ishizu A, Baba T, Ichihashi T, Suzuki A, Tomaru U, 
Kasahara M, Yoshiki T. Role of neuronal interferon‑gamma in the devel‑
opment of myelopathy in rats infected with human T‑cell leukemia 
virus type 1. Am J Pathol. 2006;169:189–99.

 135. Kasai T, Ikeda H, Tomaru U, Yamashita I, Ohya O, Morita K, Wakisaka A, 
Matsuoka E, Moritoyo T, Hashimoto K, et al. A rat model of human T 
lymphocyte virus type I (HTLV‑I) infection: in situ detection of HTLV‑I 

provirus DNA in microglia/macrophages in affected spinal cords of 
rats with HTLV‑I‑induced chronic progressive myeloneuropathy. Acta 
Neuropathol. 1999;97:107–12.

 136. Ginwala R, Caruso B, Khan ZK, Pattekar A, Chew GM, Corley MJ, Loon‑
awat R, Jacobson S, Sreedhar S, Ndhlovu LC, Jain P. HTLV‑1 infection and 
neuropathogenesis in the context of Rag1(−/−)gammac(−/−) (RAG1‑
Hu) and BLT mice. J Neuroimmune Pharmacol. 2017;12:504–20.

 137. Nakagawa M, Nakahara K, Maruyama Y, Kawabata M, Higuchi I, Kubota 
H, Izumo S, Arimura K, Osame M. Therapeutic trials in 200 patients with 
HTLV‑I‑associated myelopathy/tropical spastic paraparesis. J Neurovirol. 
1996;2:345–55.

 138. Izumo S, Goto I, Itoyama Y, Okajima T, Watanabe S, Kuroda Y, Araki S, 
Mori M, Nagataki S, Matsukura S, et al. Interferon‑alpha is effective in 
HTLV‑I‑associated myelopathy: a multicenter, randomized, double‑
blind, controlled trial. Neurology. 1996;46:1016–21.

 139. Oh U, Yamano Y, Mora CA, Ohayon J, Bagnato F, Butman JA, Dambro‑
sia J, Leist TP, McFarland H, Jacobson S. Interferon‑beta1a therapy in 
human T‑lymphotropic virus type I‑associated neurologic disease. Ann 
Neurol. 2005;57:526–34.

 140. Lehky TJ, Levin MC, Kubota R, Bamford RN, Flerlage AN, Soldan SS, Leist 
TP, Xavier A, White JD, Brown M, et al. Reduction in HTLV‑I proviral load 
and spontaneous lymphoproliferation in HTLV‑I‑associated myelopa‑
thy/tropical spastic paraparesis patients treated with humanized anti‑
Tac. Ann Neurol. 1998;44:942–7.

 141. Sato T, Coler‑Reilly ALG, Yagishita N, Araya N, Inoue E, Furuta R, 
Watanabe T, Uchimaru K, Matsuoka M, Matsumoto N, et al. Mogamuli‑
zumab (Anti‑CCR4) in HTLV‑1‑Associated Myelopathy. N Engl J Med. 
2018;378:529–38.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Immunovirological markers in HTLV-1-associated myelopathytropical spastic paraparesis (HAMTSP)
	Abstract 
	Background
	Epidemiology and lifetime risk of HAMTSP
	Epidemiology
	Host genetic factors

	Mechanism of HAMTSP development
	Neuropathology
	HTLV-1 infection and expressions

	CSF cellular immune responses in HAMTSP
	CD4+ T cell
	A reservoir of HTLV-1
	Dysregulation
	Cell adhesion molecules

	CD8+ T cell
	HTLV-1-specific CD8+ T cells
	Expansion of CD8+ T cells
	Effector function of CD8+ T cells
	Costimulatory and coinhibitory molecules

	B cell
	Humoral response
	Antibody secreting B cell


	CSF biomarkers in HAMTSP
	HTLV-1-specific antibodies
	Soluble proteins
	Cytokines and chemokines
	Exosomes

	Future challenges
	Importance of screening and prevention of HAMTSP
	Animal models for HAMTSP
	Therapeutic target for HAMTSP

	Conclusion
	Acknowledgements
	References




