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Abstract

Objective: HTLV-1 proviral loads (PVLs) and some genetic factors are reported to be associated with the development of
HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). However, there are very few reports on HAM/TSP
having family history. We aimed to define the clinical features and laboratory indications associated with HAM/TSP having
family history.

Methods: Records of 784 HAM/TSP patients who were hospitalized in Kagoshima University Hospital and related hospitals
from 1987 to 2012 were reviewed. Using an unmatched case-control design, 40 patients of HAM/TSP having family history
(FFHAM/TSP) were compared with 124 patients suffering from sporadic HAM/TSP, who were admitted in series over the last
10 years for associated clinical features.

Results: Of the 784 patients, 40 (5.1%) were f-HAM/TSP cases. Compared with sporadic cases, the age of onset was earlier
(41.3 vs. 51.6 years, p<<0.001), 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), time elapsed between onset and wheelchair use in daily life was longer (18.3 vs. 10.0 years,
p =0.025), cases with rapid disease progression were fewer (10.0% vs. 28.2%, p=0.019), and protein levels in cerebrospinal
fluid (CSF) were significantly lower in f-HAM/TSP cases (29.9 vs. 42.5 mg, p<<0.001). There was no difference in HTLV-1 PVLs,
anti-HTLV-1 antibody titers in serum and CSF, or cell number and neopterin levels in CSF. Furthermore, HTLV-1 PVLs were
lower in cases with rapid disease progression than in those with slow progression in both f-HAM/TSP and sporadic cases.

Conclusions: We demonstrated that HAM/TSP aggregates in the family, with a younger age of onset and a slow rate of
progression in f-HAM/TSP cases compared with sporadic cases. These data also suggested that factors other than HTLV-1
PVLs contribute to the disease course of HAM/TSP.
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Introduction the occurrence of HAM/'TSP [7], indicating that HTLV-1 PVLs
g

) ) ) ) and genetic backgrounds may influence individual susceptibility to
HTLV—l—as.socmted m_yelopathy/ tropical spastic  paraparesis HAM/TSP. Although several reports of familial adult T-cell
(HAM/'TSP) is characterized by slow progressive spastic parapa- lymphoma have been published [8,9], to our knowledge, there is
resis and positivity for anti-HTLV-1 antibodies in both serum and only one case report of patient with HAM/TSP having family
cerebrospina%l [}uid (CSF) [1,2]. Worldwide, at least 10-20 million history (FHAM/TSP) [10]. Hence, litte is known about the
peo.plf; are u?fected W.lth. HTLV'I [3]: H9wever, although thF prevalence and character of -HAM/TSP cases. In this study, the
majority of infected individuals remain lifelong asymptomatic characteristic clinical and laboratory features of f~HAM/TSP

carriers, approximately 2%-5% develop adult T-cell lymphomas cases are defined and compared with those of sporadic cases.
[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 Ethics Statement
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

Methods

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. -HAM/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 CSF 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, Illinois).
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 f~-HAM/'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 FHAM/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 -fHAM/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 fHAM/TSP cases. Age of onset
in parent—child FHAM/TSP cases was significantly younger than
that in sibling -HAM/'T'SP 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 fHAM/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 f~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). Cell 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
and men in the age of onset (61.5 y.0.£12.6 vs. 62.7 y.0.£12.5), in
the incidence of rapid progression (26.3% vs. 32.3%) and in MDG
score (5.4 vs. 5.0; mean).

Discussion

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

We demonstrated that among 784 HAM/TSP patients, 40
(5.1%) had family members with the disease. The lifetime risk of
developing HAM/TSP is 0.25% of HILV-1 carriers in Japan

wheelchair use in daily life (years)

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

Female ratio (%) 78.8% (7 males : 33 females) 66.4% (31 males : 93 females) NS
Age 55.613.0 (23-79) 61.8£12.5 (15-83) 0.008
Age of onset 41.3%13.9 (14-65) 51.6%15.9 (13-78) <0.001 0.017
Duration of illness (years) 14.3%+11.4 (1-49) 10.2+9.6 (0-45) 0.026 0.017
Initial symptoms

Gait disturbance 50.0% 52.4% NS

Urinary disturbance 32.5% 26.6% NS

Sensory disturbance 12.5% 14.5% NS

Others 5% 6.5% NS
Rapid disease progression 4 cases (10.0%) 35 cases (28.2%) 0.019 0.069
Motor disability score 4.0%2.0 (0-7) 4.9%1.5 (0-8) 0.043 0.036
Score more than 6 12 cases (30.0%) 38 cases (30.7%) NS
Time elapsed between onset and 18.3*x12.4 (7-50) 10.0£10.4 (1-45) 0.025 0.020

Data are presented as mean values * s.d., (range),
fAdjusted 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.

Familial Clusters of HAM/TSP

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

Anti-HTLV-1 antibodies*

Titer in Serum 20,787+31,004, N=37 31,009£36,075, N=109 NS

Titer in CSF 2,310£11,741, N=31 672+1,274, N=111 NS
Cerebrospinal fluid
Cell number (/mm?) 3.0£25, N=25 5.7+10.0, N=109 NS
Protein (mg/dl) 29.9+9.4, N=22 42.5+19.3, N=109 <0.001 0.007
Neopterin (pmol/ml) 83.2+118.1,N=18 38.3+56.8, N=35 NS
HTLV-1 proviral loads 930781, N=32 968+1,746, N=101 NS

(Copies/10* PBMCs)

* 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 -HAM/'T'SP
diagnosed in medical institutions and excluded cases with a family
history of neurological disorders. Thus, the actual incidence rates
of f~HAM/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/'T'SP 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 ~HAM/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
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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.0086144.9002
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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 Slow progression p value
Female ratio (%) 71.4% (10 males : 25 females) 76.4% (21 males : 68 females) NS
Age of onset 62.3+9.6, N=35 474+159, N=89 <0.001
Age of onset of f-HAM/TSP cases 60.5+3.7, N=4 39.2+129,N=36 0.002
Duration between onset and inability 1.5+09, N=13 144104, N=25 <0.001
to walk alone (years)
Anti-HTLV-1 antibodies*
Titer in Serum 31,894+36,845, N=34 30,608+35,965, N=75 NS
Titer in CSF 1,251%+1,800, N=34 416+852, N=77 0.014
Cerebrospinal fluid
Cell number (/mm?) 11.6*£16.6, N=34 3.2*+35,N=75 <0.001
Protein (mg/dl) 55.3+24.3,N=34 36.7+13.0, N=75 <0.001
Neopterin (pmol/ml) 749+107.9, N=8 27.4+23.4,N=27 0.255
HTLV-1 proviral loads (Copies/10* PBMCs) 370+327, N=32 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 -HAM/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 FHAM/TSP cases, as indicated by
significantly lower protein levels in CSF, fHAM/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 been 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 FHAM/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 CGSF 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 (C'TL) immune responses may be more
mtensive. 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

References

1. Gessain A, Barin F, Vernant JC, Gout O, Maurs L, et al. (1985) Antibodies to
human T-lymphotropic virus type-I in patients with tropical spastic paraparesis.
Lancet 2: 407-410.

2. Osame M, Usuku K, Izumo S, Ijichi N, Amitani H, et al. (1986) HTLV-I
associated myelopathy, a new clinical entity. Lancet 1: 1031-1032.

PLOS ONE | www.plosone.org

killing ability of CTLs in patients with HAM/TSP does not differ
from that in asymptomatic carriers [18]. Hence, strong immune
responses may be associated with the disease course. The onset of
disease may require other factors that lead to strong immune
responses. A late onset may also be associated with alterations of
the immune function in HTLV-1-infected patients. Indeed, an
increased age has been associated with autoimmune disorders,
such as myasthenia gravis and rheumatoid arthritis, and may be
partly explained by immune intolerance and accumulation of
autoantibodies in older individuals [19,20].

In conclusion, we demonstrated that patients with HAM/TSP
aggregate in some families. Compared with sporadic cases, the age
of onset was younger and rates of disease progression were slower
among familial cases, whereas HTLV-1 PVLs did not differ
between f~HAM/TSP and sporadic groups. The present data
suggest that factors other than HTLV-1 PVLs contribute to the
disease course of HAM/TSP. Our data also suggested strong
immune responses in the spinal cord of HAM/'TSP patients with
rapid progression. Further studies on HTLV-1, immune response
to HTLV-1 and genetic factor in patients with rapid progression
might provide new insights into HAM/TSP pathogenesis.

Acknowledgments

We would like to express the deepest appreciation to Yuka Komai for
collecting information from patients and Dr. Moe Moe Aye for reading our
manuscript.

Author Contributions

Conceived and designed the experiments: HT SI OW. Performed the
experiments: SN EM. Analyzed the data: SN EM. Contributed reagents/
materials/analysis tools: SN EM TM RK. Wrote the paper: SN EM.

3. Proietti FA, Carneiro-Proietti AB, Catalan-Soares BC, Murphy EL (2005)
Global epidemiology of HTLV-I infection and associated diseases. Oncogene
24: 6058-6068.

4. Hinuma Y, Nagata K, Hanaoka M, Nakai M, Matsumoto T, et al. (1981) Adult
T-cell leukemia: antigen in an ATL cell line and detection of antibodies to the
antigen in human sera. Proc Natl Acad Sci U S A 78: 6476-6480.

May 2014 | Volume 9 | Issue 5 | e86144



. Uchiyama T, Yodoi J, Sagawa K, Takatsuki K, Uchino H (1977) Adult T-cell

leukemia: clinical and hematologic features of 16 cases. Blood 50: 481-492.

. Nagai M, Usuku K, Matsumoto W, Kodama D, Takenouchi N, et al. (1998)

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 4: 586-593.

. Saito M (2010) Immunogenetics and the Pathological Mechanisms of Human T-

Cell Leukemia VirusType 1- (HTLV-1-)Associated Myelopathy/Tropical
Spastic Paraparesis (HAM/TSP). Interdiscip Perspect Infect Dis 2010: 478461.

. Pombo-de-Oliveira MS, Carvalho SM, Borducchi D, Dobbin J, Salvador J, et al.

(2001) Adult T-cell leukemia/lymphoma and cluster of HTLV-I associated
diseases in Brazilian settings. Leuk Lymphoma 42: 135-144.

. Miyamoto Y, Yamaguchi K, Nishimura H, Takatsuki K, Motoori T, et al.

(1985) Familial adult T-cell leukemia. Cancer 55: 181-185.

. Mori M, Ban N, Kinoshita K (1988) Familial occurrence of HTLV-I-associated

myelopathy. Ann Neurol 23: 100.

. De Castro-Costa CM, Araujo AQ), Barreto MM, Takayanagui OM, Sohler MP,

et al. (2006) Proposal for diagnostic criteria of tropical spastic paraparesis/
HTLV-I-associated myelopathy (TSP/HAM). AIDS Res Hum Retroviruses 22:
931-935.

. Nakagawa M, Izumo S, Ijichi S, Kubota H, Arimura K, et al. (1995) HTLV-I-

associated myelopathy: analysis of 213 patients based on clinical features and
laboratory findings. J Neurovirol 1: 50-61.

. Kaplan JE, Osame M, Kubota H, Igata A, Nishitani H, et al. (1990) The risk of

development of HTLV-I-associated myelopathy/tropical spastic paraparesis

PLOS ONE | www.plosone.org

Familial Clusters of HAM/TSP

among persons infected with HTLV-I. ] Acquir Immune Defic Syndr 3: 1096
1101.

. Gotuzzo E, Cabrera J, Deza L, Verdonck K, Vandamme AM, et al. (2004)

Clinical characteristics of patients in Peru with human T cell lymphotropic virus
type l-associated tropical spastic paraparesis. Clin Infect Dis 39: 939-944.

. Matsuzaki T, Nakagawa M, Nagai M, Usuku K, Higuchi I, et al. (2001) 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. ] Neurovirol 7: 228-234.

. Olindo S, Cabre P, Lezin A, Merle H, Saint-Vil M, et al. (2006) Natural history

of human T-lymphotropic virus l-associated myelopathy: a 14-year follow-up

study. Arch Neurol 63: 1560-1566.

. Takenouchi N, Yamano Y, Usuku K, Osame M, Izumo S (2003) 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. ] Neurovirol 9: 29-35.

. Asquith B, Mosley AJ, Barfield A, Marshall SE, Heaps A, et al. (2005) A

functional CD8+ cell assay reveals individual variation in CD8+ cell antiviral
efficacy and explains differences in human T-lymphotropic virus type 1 proviral
load. J Gen Virol 86: 1515-1523.

. Manoussakis MN, Tzioufas AG, Silis MP, Pange PJ, Goudevenos J, et al. (1987)

High prevalence of anti-cardiolipin and other autoantibodies in a healthy elderly
population. Clin Exp Immunol 69: 557-565.

. Aprahamian T, Takemura Y, Goukassian D, Walsh K (2008) Ageing is

associated with diminished apoptotic cell clearance in vivo. Clin Exp Immunol

152: 448-455.

May 2014 | Volume 9 | Issue 5 | e86144



