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Introduction

HTLV-1-associated myelopathy/tropical spastic paraparesis
(HAM/TSP) is characterized by slow progressive spastic parapa-
resis and positivity for anti-HTLV-1 antibodies in both serum and
cerebrospinal fluid (CSF) [1,2]. Worldwide, at least 10~20 million
people are infected with HTLV-1 [3]. However, although the
majority of infected individuals remain lifelong asymptomatic
carriers, approximately 2%-5% develop adult T-cell lymphomas
[4,5] and another 0.25%-3.8% develop HAM/TSP [1,2].
Although the mechanisms underlying the development of
HAM/TSP are not fully understood, several risk factors are
closely associated with HAM/TSP. In particular, HTLV-1
proviral loads (PVLs) are significantly higher in HAM/TSP
patients than in asymptomatic carriers and are also higher in
genetic relatives of HAM/TSP patients than in non-HAM-related
asymptomatic carriers [6]. Host genetic factors, including human
leukocyte antigen (HLA) and non-HLA gene polymorphisms affect

PLOS ONE | www.plosone.org

the occurrence of HAM/TSP [7], indicating that HTLV-1 PVLs
and genetic backgrounds may influence individual susceptibility to
HAM/TSP. Although several reports of familial adult T-cell
lymphoma have been published [8,9], to our knowledge, there is
only one case report of patient with HAM/TSP having family
history (FHAM/TSP) [10]. Hence, little is known about the
prevalence and character of fHAM/TSP cases. In this study, the
characteristic clinical and laboratory features of fFHAM/TSP
cases are defined and compared with those of sporadic cases.

Methods

Ethics Statement

This study was approved by the Institutional Review Boards of
Kagoshima University. All participants provided written informed
consent.
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Design

We used an unmatched case-control design to identify the
phenotypic features of fHAM/TSP. fHAM/TSP cases were
identified as patients with multiple family members suffering from
HAM/TSP. Controls were defined as HAM/TSP patients who
were not genetically related to other HAM/TSP patients.

Subjects

f-HAM/TSP cases were extracted from our database of
individuals diagnosed with HAM/TSP in Kagoshima University
Hospital and related hospitals from 1987 to 2012. Controls
included consecutive patients with sporadic HAM/TSP who were
evaluated in our department between January 2002 and June
2012. HAM/TSP was diagnosed according to the World Health
Organization diagnostic criteria, and the updated criteria of
Castro-costa Belem [11]. Clinical information was obtained from
the medical records of patient attendance at our hospital. In other
cases, clinical data were obtained from the clinical records of
patients or directly from the referring clinicians. Clinical variables
included sex, age, age of onset, and initial symptoms. Neurological
disabilities were assessed using Motor Disability Grading (MDG),
modified from the Osame Motor Disability Scale of 0 to 10, as
reported previously [12]. Motor disability grades were defined as
follows: 5, needs one-hand support while walking; 6, needs two-
hand support while walking; and 7, unable to walk but can crawl.
We used a different assessment for the subgroup of more than
grade 6 because their disease state significantly interfered with
their lifestyle and necessitated the use of wheelchairs in daily life.
The subgroup of patients with rapid progression was defined by
deterioration of motor disability by more than three grades within
two years. Anti-HTLV-1 antibody titers in serum and GSF were
detected using enzyme-linked immunosorbent assays and particle
agglutination methods (Fijirebio Inc, Tokyo, Japan). HTLV-1
PVLs in peripheral blood mononuclear cells (PBMCs) were
assayed using quantitative PCR with the ABI PRISM 7700TM
sequence detection system as reported previously [6].

Statistical Analysis

Data were analyzed using SPSS-20 (SPSS, Chicago, Hlinois).
Statistical analyses were performed using parametric (t-test) and
non-parametric tests (Mann—Whitney test) for continuous vari-
ables and x? (Pearsony?® test/Fisher exact test) for categorical
variables. Significant differences were then adjusted for potential
confounders (age and sex) using multiple linear regression analysis.
Survival was estimated according to the Kaplan-Meier method.
The final endpoint was defined by a MDG score of 6. Patients with
MDG scores of 6 almost wheelchair bound in daily life. The log
rank test was used in Kaplan—Meier analyses. Differences were
considered significant when p<<0.05.

Results

Clinical characteristics of f-HAM/TSP

Of the 784 patients diagnosed with HAM/TSP between
January 1987 and June 2012, 40 (5.1%) were £FHAM/TSP. The
sex ratio was 33 males : 7 females. Of these 40 cases, 10 had
parents or children (25.0%), 27 had siblings (67.5%), and three
had other relatives (7.5%) diagnosed with HAM/TSP. Three
individuals from one family were diagnosed with HAM/TSP,
whereas only two individuals were diagnosed with HAM/TSP in
all other families. In f-HAM/TSP cases, the age of onset was
earlier (41.3 vs. 51.6 years, p<<0.001), cases with rapid progression
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were fewer (10.0% vs. 28.2%, p=0.019), motor disability grades
were lower (4.0 vs. 4.9, p = 0.043) despite longer duration of illness
(14.3 vs. 10.2 years, p=0.026), and time elapsed between onset
and wheelchair use in daily life was longer (18.3 vs. 10.0 years,
p =0.025) compared with sporadic cases. Sex and initial symptoms
did not differ significantly between f-HAM/TSP and sporadic
cases (Table 1). Twelve patients of -HAM/TSP, and 38 of the 128
sporadic cases reached endpoint MDG scores of 6. Significant
differences were then adjusted for potential confounders (age and
sex) using multivariate analysis. Age of onset, duration of illness,
MDG scores, and time elapsed between onset and wheelchair use
in daily life remained significantly different after multivariate
analysis (Table 1). The proportion of patients with rapid
progression did not differ significantly between the groups,
although there was a trend toward a higher proportion in sporadic
cases. Kaplan—Meier analyses revealed that approximately 30% of
both £HAM/TSP and sporadic cases needed a wheelchair in daily
life in 15 years after onset, and approximately 50% of patients
from both groups needed it in 20 years after onset (Figure 1).
Although sporadic patients needed wheelchairs earlier in most
cases, the difference in the ratio of the patients with MDG score
above six was not statistically significant between the groups.
Finally, we compared differences in the age of onset between
parent—child and sibling cases in fFHAM/TSP cases. Age of onset
in parent—child f-HAM/TSP cases was significantly younger than
that in sibling -HAM/TSP cases (29.9210.0 vs. 45.1£13.0 years,
p=0.002).

Laboratory parameters and PVLs in f-HAM/TSP cases

Protein levels in GSF were significantly lower in HAM/TSP
cases than in sporadic cases (29.9 vs. 42.5 mg/dl, p<0.001). This
difference in CSF protein level remained significant after
multivariate analysis. Anti-HTLV-1 antibody titers in serum and
CSF, and cell numbers and neopterin levels in CSF were not
significantly different between two groups. Moreover, HTLV-1
PVLs did not differ significantly. (Table 2).

Clinical and laboratory findings in patients with rapid
disease progression

Previous studies suggest that an older age of onset is associated
with rapid disease progression. Similar findings are found in the
present study. The percentage of rapid progression tended to
increase with older age of onset in both -HAM/TSP and sporadic
groups (Figure 2). We compared the characteristics of 124 sporadic
HAM/TSP patients with rapid and slow progression who were
admitted to Kagoshima University Hospital in series during the
last 10 years (Table 3). Patients with rapid progression were
significantly older at onset than those with slow progression (62.3
vs. 47.4 years, p<<0.001), although sex and initial symptoms did
not differ significantly between rapid and slow progression groups.
However, the time elapsed between onset and wheelchair use in
daily life was markedly shorter among patients with rapid
progression (1.5 vs. 14.4 years, p<<0.001). Gell numbers, protein
levels, and anti-HTLV-1 antibody titers in CSF were significantly
higher in patients with rapid progression than in those with slow
progression (11.6 vs. 3.2, p<<0.001; 55.3 vs. 36.7 mg/dl, p<<0.001;
1,251 vs. 416, p<<0.014, respectively). Interestingly, HTLV-1
PVLs were significantly lower in patients with rapid progression
than in those with slow progression (370 vs. 1,245 copies, p<
0.001). Furthermore, we compared the differences between
women and men in patients with rapid progression because the
reason remains unknown why HAM/TSP is common in female
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Figure 1. Kaplan-Meier estimates of the time from disease onset to assignment of motor disability scores of 6. In sporadic cases, more
patients reached the score of six at an early stage; however, the difference was not significant. Approximately 30% of both f-HAM/TSP cases and

sporadic cases needed a wheelchair in daily life in 15 years after onset and approximately 50% of patients from both groups needed a wheelchair in
20 years after onset.

doi:10.1371/journal.pone.0086144.g001

than in male. There was no significant difference between women Discussion

and men in the age of onset (61.5 y.0.12.6 vs. 62.7 y.0.212.5), in )

the incidence of rapid progression (26.3% vs. 32.3%) and in MDG We demonstrated that among 784 HAM/TSP patients, 40
score (5.4 vs. 5.0; mean). (5.1%) had family members with the disease. The lifetime risk of

developing HAM/TSP is 0.25% of HTLV-1 carriers in Japan

Table 1. Clinical features of f-HAM/TSP cases or sporadic cases of HAM/TSP.

f-HAM/TSP cases (40 cases) Sporadic cases (124 cases) p value p value'

7.m

55.6+13.0 (23-79)

) 143x11.4 (1-49)

12.5%

Rapid disease progression 4 cases (10.0%) 35 cases (28.2%) 0.019 0.069

12 cases (30.0%) 38 cases (30.7%)

Data are presented as mean values * s.d., (range),
TAdjusted for age and sex.
doi:10.1371/journal.pone.0086144.t001
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Table 2. Laboratory findings of familial clusters or sporadic cases of HAM/TSP.

f-HAM/TSP cases (40cases)

Sporadic cases (124 cases)

20,787+31,004, N=37

29.9+94, N=22

HTLV-1 proviral loads 930781, N=32

(Copies/10% PBMCs)

p value®

p value

31,009+36,075, N=109 NS

* Particle Aggregation Method.

Data are presented as mean values = s.d., N=sample number,
fAdjusted for age and sex.
doi:10.1371/journal.pone.0086144.t002

[13]. Although clustering of familial adult T-cell lymphomas has
been reported [8,9], to our knowledge the prevalence of familial
clusters of HAM/TSP has not been described. A study in Peru
showed that 30% of HAM/TSP patients have family members
with paralytic neurological disorders, but the cause of paralysis was
not evaluated [14]. In the present study, we included f-HAM/TSP
diagnosed in medical institutions and excluded cases with a family
history of neurological disorders. Thus, the actual incidence rates
of FHAM/TSP may be higher than those reported here.
Interestingly, although HTLV-1 PVL has been associated with
the development and clinical progression of HAM/TSP [15-17],
there was no significant difference between f-HAM/TSP and
sporadic cases in the present study. Because previous studies
reported that HTLV-1 PVLs of asymptomatic carriers in relatives

of HAM/TSP patients were higher than those in non-HAM-
related asymptomatic carriers [6], relatives of HAM/TSP are
believed to be at a higher risk of developing HAM/TSP.
Interestingly, our data suggest that HAM/TSP patients aggregate
in families and factors other than HTLV-1 PVLs may contribute
to HAM/TSP.

Compared with sporadic HAM/TSP, the clinical characteristics
of FHAM/TSP have a younger age of onset and longer time
elapsed between onset and wheelchair use in daily life. Although
we were unable to identify the reason for earlier onset among f-
HAM/'TSP cases, one can speculate that mild symptoms, such as
urinary and sensory disturbances, may be identified earlier by
family members who are familiar with HAM/TSP symptoms.
However, the present data show no difference in initial symptoms

Cases
25
Red; case with rapid disease progression
Green; case with slow disease progression
20
15
10
5 S AU
/] B%v 7 nas S & e Y = T d
Age 10-19 20-29 30-39 40-49 50-59 60-69 70-79 10-19 20-29 30-39 40-49 50-59 60-69 70-79
Percentage 0% 25% 9% 10% 33% 40% NA 0% 0% 12% 11% 55% 50% 68%
of Rapid Prog.

f-HAM/TSP cases

Sporadic cases

Figure 2. Age-specific proportions of rapid disease progression. The proportion of cases with rapid disease progression tended to increase

with the older age of onset.
doi:10.1371/journal.pone.0086144.g002
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Table 3. Clinical and laboratory findings of sporadic HAM/TSP with rapid/slow disease progression.

Type of disease progression Rapid progression

p value

Slow progression

Duration between onset and inability
to walk alone (years)

34

Cerebrospinal fluid

1162166, N=34
5532243, N=34

Protein (mg/dl)

HTLV-1 proviral loads (Copies/10* PBMCs)

370£327, N=32

47.4£159, N=89

1442104, N=25

1,245£2,046, N=69 <0.001

* Particle Aggregation Method.
Data are presented as mean values * s.d., N=sample number.
doi:10.1371/journal.pone.0086144.t003

between FHAM/TSP and sporadic cases. In all cases, the age of
onset and initial symptoms of HAM/TSP were evaluated by the
neurologists during hospitalization. Because inflammatory pro-
cesses are less marked in f~-HAM/TSP cases, as indicated by
significantly lower protein levels in CSF, £HAM/TSP cases may
show slow progression of disease.

We need to discuss the possibility that the two groups compared
represent different mode of HTLV transmission, i.e. vertical vs.
sexual transmission. To clarify genetic backgrounds, sporadic
HAM/TSP with seropositive carrier family members may be a
more appropriate control, but are not available at present. The
incidence of female cases showing no significant differences
between f~HAM/TSP and sporadic cases, and between rapid
and slow disease progression, might suggest less possibility of
sporadic cases due to sexual transmission.

Although the subgroup of patients with rapid progression has
not heen clearly defined, previous studies suggest that rapid
progression occurs in 10%-30% of all patients with HAM/TSP
[12,14,16], and is associated with an older age of onset [14-16]. In
the present study, the age of onset in patients with rapid
progression was significantly older than that in patients with slow
progression between {-HAM/TSP and sporadic cases, and the
proportion of patients with rapid progression increased with the
older age of onset (Figure 2). Among sporadic cases, cell numbers
and protein levels in GST were significantly higher in patients with
rapid progression, suggesting that inflammation is more active in
the spinal cords of patients with rapid progression and that
cytotoxic T-lymphocyte (CTL) immune responses may be more
intensive. Therefore, lower PVLs in PBMCs of patients with rapid
disease progression may be attributed to the strong killing ability of
the CTL. However, PVLs were higher in PBMCs of patients with
HAM/TSP than in asymptomatic carriers [6]. In addition, the
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Abstract

Activated human T-lymphotropic virus type-1 (HTLV-1)-specific
CD8-positive cytotoxic T tymphocytes (CTLs) are markedly increased in
the periphery of patients with HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP), an HTLV-I-induced inflammatory
disease of the CNS. Although virus-specific CTLs play a pivotal role to
eliminate virus-infected cells, the potential role of HTLV-1-specific
CTLs in the pathogenesis of HAM/TSP remains unclear. To address this
issue, we evaluated the infiltration of HTLV-1-specific CTLs and the
expression of HTLV-1 proteins in the spinal cords of 3 patients with
HAM/TSP. Confocal laser scanning microscopy with our unique
staining procedure made it possible to visualize HTLV-1-specific CTLs
infiltrating the CNS of the HAM/TSP patients. The frequency of HTLV-
I-specific CTLs was more than 20% of CD8-positive cells infiltrating
the CNS. In addition, HTLV-1 proteins were detected in CD4-positive
infiltrating T lymphocytes but not CNS resident cells. Although neurons
were generally preserved, apoptotic oligodendrocytes were frequently in
contact with CD8-positive cells; this likely resulted in demyelination.
These findings suggest that the immune responses of the CTLs against
HTLV-1-infected CD4-positive lymphocytes migrating into the CNS
resulted in bystander neural damage.

Key Words: Apoptosis, Cytotoxic T lymphocyte, Demyelination,
HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/
TSP), Human T-lymphotropic virus type-1 (HTLV-1).
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INTRODUCTION

Human T-lymphotropic virus type 1 (HTLV-1) infection
is estimated to affect 1 to 2 x 107 people worldwide. Although
HTLV-1 infection is lifelong, the majority of infected individ-
uals remain asymptomatic; only 1% to 2% of these individuals
develop HTLV-1-associated diseases, including adult T-cell
leukemia/lymphoma (1), and a range of chronic inflammatory
diseases, including myelopathy (2—4), uveitis (5), arthritis (6),
polymyositis (7, 8), inclusion-body myositis (9, 10), and alveo-
litis (11). The most recognized inflammatory disease is HTLV-
1—-associated myelopathy/tropical spastic paraparesis (HAM/TSP),
in which CNS lesions correspond to progressive weakness of
the lower extremities, with spasticity, urinary incontinence, and
mild sensory disturbance. Patients with HAM/TSP exhibit higher
HTLV-1 proviral load in the peripheral blood mononuclear
cells (PBMCs) than asymptomatic HTLV-1 carriers (12). Fur-
thermore, HTLV-1-infected cells accumulate in the cerebro-
spinal fluid (CSF) on neurologic exacerbation (13). One of
the most striking features of the cellular immune response in
patients with HAM/TSP is the highly elevated numbers of
HTLV-1-specific CD8-positive cytotoxic T lymphocytes (CTLs)
in PBMCs compared with asymptomatic HTLV-1 carriers
(14, 15). These CTLs produce proinflammatory cytokines (16, 17).
The HTLV-1-specific CTLs are thought to be a key factor in the
pathogenesis of HAM/TSP (18, 19). This persistently activated
CTL immune response to HTLV-1 provides unequivocal evi-
dence of persistent HTLV-1 antigen expression in vivo. To date,
no previous studies have shown CTLs and HTL V-1 proteins in
CNS tissues from patients with HAM/TSP.

Although Skinner et al visualized antigen-specific T cells
with nonfrozen tissues (20), the method has not been adapted
to frozen tissue samples. In this study, we established novel in
situ staining methods for detecting virus-specific CTLs and
HTLV-1 proteins in frozen human tissue samples. We detected
a number of HTLV-1-specific CTLs and HTLV-1-infected
CD4-positive cells infiltrating the CNS and verified the by-
stander hypothesis that the interaction between HTLV-1-
specific CTLs and HTLV-1—-infected T lymphocytes causes
damage to bystander neural cells in the CNS (21).

MATERIALS AND METHODS

Subjects
We obtained autopsied spinal cord tissue from 9 HAM/
TSP patients after obtaining written informed consent from their
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TABLE 1. Patient Clinical Data

Duration of

Human T-Lymphotropic

Patient ID  Age, years/Sex  Iliness, years Cause of Death Cellular Infiliration®  Virus Type-1 Antibody Titer” HLA®
8624 59/Male 7 Pulmonary tuberculosis 3+ 512x A*02 + A*24-
6315 71/Female 4.5 Bacterial pneumonia 3+ 32,768 % A*02-A*24+
6664 52/Female 8 Pontine hemorrhage 1+ 131,072x A*02 + A¥24+

? Cellular infiltration: a degree of cellular infiltration in the spinal cord.
® The antibody titer in serum was determined by particle agglutination method.
© HLA: human leukocyte antigen.

family members and stored them at —80°C until use. Human
T-lymphotropic virus type 1 Tax11-19 (LLFGYPVYV) and
Tax301-309 (SFHSLHLLF) are well-characterized immuno-
dominant epitopes that are restricted to HLA-A*02 and HLA-
A*24, respectively (22, 23). Human leukocyte antigen (HLA)
typing was performed in all of the autopsied samples (24).
Three samples were found suitable for use in this study. The
first was from an HLA-A*02—positive patient (No. 8624), the
second was from an HLA-A*24—positive patient (No. 6315),
and the third was from an HLA-A*02 and HLA-A*24 double—
positive patient (No. 6664). We had frozen block samples from
entire levels of the spinal cord of each patient. We first evalu-
ated each block by routine histology and used the samples with
inflammatory lesions for the study. The clinical characteristics
of the patients are shown in Table 1. This study was approved
by the Kagoshima University Ethics Committee.

Immunohistochemistry
Primary and secondary antibodies are listed in Table 2.
Fresh-frozen spinal cord samples were cut into 8-um-thick

sections, placed on aminosilane-coated slides, and dried for
3 hours. After fixation with 4% paraformaldehyde (PFA) in
PBS for 20 minutes at room temperature (RT), the sections
were incubated with a primary monoclonal antibody (mAb)
for 60 minutes at RT. The samples were washed with PBS
after each step.

For immunohistochemistry, the sections were treated
with 3% H,0, in PBS for 20 minutes and subsequently incu-
bated with horseradish peroxidase—labeled polymer-conjugated
anti-mouse antibody (Ab) reagent (EnVision+ reagent; Dako,
Tokyo, Japan) for 30 minutes at RT. Finally, peroxidase was
visualized using 3-amino-9-ethylcarbazole (AEC) substrate as
the red color. The sections were counterstained with hema-
toxylin and analyzed by light microscopy.

For immunofluorescence staining, the sections were in-
cubated with fluorescence-conjugated secondary antibodies for
60 minutes at RT in the dark. The sections were counterstained
with 4',6-diamidino-2-phenylindole (DAPI) and analyzed using
a confocal laser scanning microscope (FV500; Olympus,
Tokyo, Japan). For double staining, 2 primary antibodies with

TABLE 2. Primary and Secondary Antibodies Used for Immunohistochemical Studies

Antibody Dilution Company
Mouse anti-CD4 mAb (4B12, IgG1) 50x Dako, Tokyo, Japan

Rat anti-CD4 mAb (YNB46.1.8, IgG) 50% Abcam, Tokyo, Japan
Mouse anti-CD3 mAb (UCHT1, 1gG1) 50x Beckman Coulter, Tokyo, Japan
Mouse anti-CD8 mAb (DK25, IgG1) 50% Dako

Mouse anti-CD68 mAb (KP-1, IgG1) 400% Dako

Mouse anti-HTLV-1 Tax mAb (Lt-4, 1gG3) 250x Not applicable*

Mouse anti-HTLV-1 Gag mAb (TP-7, IgG1) 400x Abcam

Mouse anti-HTLV-1 Env mAb (65/6C2, 1gG1) 2000x Abcam

Rabbit anti-Ki-67 Ab (IgG) 100x Abcam

Mouse anti-granzyme B mAb (GB11, IgG1) 50% Serotec, Kidlington, UK
Mouse anti~IFN-y mAb (45.15, I1gG1) 500x Ancell, Bayport, MN
Mouse anti-CNPase mAb (11-5B, IgG1) 400x Millipore, Tokyo, Japan
Mouse anti-GFAP mAb (6 F2, IgGl) 250% Dako

Mouse anti-perforin mAb (8G9, 1gG2b) 200x% BioVision, Milpitas, CA
Rabbit anti-PE Ab 500% BioGenesis, Westminster, CO
Rabbit anti~active caspase-3 mAb (E83-77, IgG) 50 Epitomics, Burlingame, CA
Rabbit anti-single-stranded DNA (ss DNA) Ab (F7-26) 50 Abcam

Alexa Fluor 488-, 594- or 647—conjugated goat anti-mouse IgG1 or IgG3 Abs 1000x Invitrogen, Tokyo, Japan
Alexa Fluor 488-conjugated goat anti-rabbit IgG Ab 1000x Invitrogen

Alexa Fluor 488-conjugated goat anti-rat IgG Ab 1000x Invitrogen

*PDescribed in Lee et al (25).

Ab, antibody; CNPase, 2',3"-cyclic-nucleotide 3’-phosphodiesterase; GFAP, glial fibrillary acidic protein; HTLV-1, human T-lymphotrophic virus-1; IFN-y, interferon-y; mAb,

monoclonal antibody.
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