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Figure 2 Change in human T lymphotropic virus type | (HTLV-I) proviral copy numbers in peripheral blood mononuclear cells (PBMCs). (a)
HTLV- proviral copy numbers from 10% PBMCs decreased gradually until 12 weeks after prosultiamine treatment. The level of HTLV-l proviral copy numbers
12 weeks after prosultiamine treatment decreased by 15.4% compared with the time at pretreatment. (b) Changes in HTLV-l proviral copy numbers in
each case between pretreatment and 12 weeks after prosultiamine treatment. Statistical significance was determined by the Wilcoxon signed-rank test.

of approximately 30% to 50% in HTLV-I proviral copy
numbers was observed in cased 8, 9, 11, 15 and 22.

Adverse effects

There were no serious adverse effects except mild
epigastric discomfort rated as 2’ evaluated according
to the Global Overall Symptom scale [18] in three
HAM/TSP patients. This symptom immediately resolved
after this clinical trial.

Discussion

Effective therapeutic regimens are needed urgently to treat
such myelopathic symptoms of HAM/TSP as spasticity of
lower extremities and urinary disturbance. To this end,
we administered prosultiamine via the oral route for 12
weeks in subjects with HAM/TSP. This treatment im-
proved (i) the motor ability of the lower extremities by de-
creasing spasticity, and (ii) urinary function. The mean
duration of illness of the patients enrolled in this study
was relatively long (approximately 21 years), so the effi-
cacy of this treatment is promising. Indeed, these data
suggest that the pathological processes in the spinal cord
of HAM/TSP patients are partially reversible and treatable
even if the tissues are damaged over a long period of time.

The most striking effect in this clinical trial was
the amelioration of urinary disturbance in HAM/TSP
patients. The common urodynamic findings in HAM/TSP
patients are DO, DSD and detrusor hypoactivity [19].
However, as evaluated by UDS, prosultiamine treatment
resulted in a significant increase in detrusor pressure and
bladder capacity followed by an increase in maximum flow
rate with improved DO. DSD also improved in 45.5%
(5 of 11 patients observed at pretreatment) (P = 0.0736).
Although this value did not reach statistical significance, it
showed a tendency of improvement. This is the first time
that the therapeutic effect for urinary dysfunction in
HAM/TSP patients was evaluated in detail by UDS. With
respect to the effect of urinary conditions on the QoL of
HAM/TSP patients, nocturia, urgency, increased frequency
of urination and dysuria have been reported to be the main
problems [20]. Therefore, we evaluated the change in QoL
of patients using N-QoL questionnaires during treatment.
The improved UDS corresponded with improvements
in the score of N-QoL questionnaires. Concomitant
pharmacological therapies for the neurogenic bladder
were continued during the present study. However,
the efficacy of prosultiamine treatment, even in patients
who were not having concomitant therapies (cases 5, 6,
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11, 13, 23, and 24), strongly suggested that urological
improvement was dependent solely upon prosultiamine
treatment (Table 1). Overall, these data suggest that
prosultiamine treatment can reverse bladder dysfunction
in HAM/TSP patients.

Recently, two reports have focused on targeting HTLV-1
in therapeutic trials against HAM/TSP. One study used
reverse transcriptase (RT) inhibitors, whereas the other
used a histone deacetylase enzyme inhibitor for treatment
[21,22]. In the former, the results of combination therapy
(zidovudine + lamivudine) in a randomized, double-blind,
placebo-controlled study suggested that RT inhibitors
were not effective for targeting HTLV-I for the treatment
of HAM/TSP. In the latter study, long-term treatment
using valproic acid did not reduce the number of HTLV-I
-infected cells in peripheral blood [22]. A decrease in the
HTLV-I provirus in PBMCs was one of the primary
endpoints in our recent report [11]. Indeed, oral adminis-
tration of prosultiamine induced a significant decrease in
HTLV-I proviral copy numbers in PBMCs, However, the
rate of reduction was not as high as we had expected. This
finding might suggest a limitation of the protocol used in
the present study. Thus, the remarkable improvement of
motor dysfunction and urinary function in the present
study cannot be attributed solely to a decrease in HTLV-I
proviral copy numbers in PBMCs. The exact mechanism
is not known. Prosultiamine was originally developed for
efficient access of vitamin Bl to nervous tissues [10].
Although this drug is reduced to a part thiamine and
propyl disulfide by the intracellular reducing system after
penetration to the cells [10], it is suspected that the
disruption of intracellular redox system is induced during
reduction of disulfide bond leading to the apoptosis of
HTLV-I-infected cells [11]. Therefore, it might be conceiv-
able that, as one of the mechanisms, this drug functions
to induce the apoptosis of HTLV-I-infected cells in the
spinal cord even if the extent of reduction of the number
of HTLV-I-infected cells in PBMCs is relatively small.
Further investigations including analysis of cerebrospinal
fluid are needed to elucidate the exact mechanism of
action of prosultiamine.

Conclusions

In the present work we have demonstrated that oral
administration of prosultiamine can safely promote
improvement of motor function of the lower extremities
based on a reduction of spasticity along with appreciable
amelioration of urinary disturbance associated with a
decrease in the amount of HTLV-I provirus in peripheral
blood. Our results suggest that prosultiamine could
be a promising therapeutic tool for HAM/TSP patients.
Therefore, further studies are warranted, such as the
evaluation of prosultiamine treatment against HAM/TSP
in a large-scale, randomized, controlled study.
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Prosultiamine treatment as a new therapeutic strategy in human T
lymphotropic virus type I-associated myelopathy/tropical spastic

paraparesis

Human T lymphotropic virus type I (HTLV-I)-associ-
ated myelopathy/tropical spastic paraparesis (HAM/
TSP) is a chronic myelopathy characterized by motor
dysfunction of the lower extremities and urinary dis-
turbance.' The primary neuropathological feature of
HAM/TSP is chronic inflammation in the spinal cord
caused by high HTLV-I proviral load in peripheral
blood mononuclear cells (PBMC). Therefore, immu-
nomodulatory therapy, such as corticosteroid hor-
mones and interferon-o, has been the main
treatment for HAM/TSP patients.> However, there
are many issues in long-term treatment with these
drugs, such as insufficient effects and various side-
effects. Once the myelopathy develops, the main
neurological symptoms, such as motor dysfunction
of the lower extremities accompanied by urinary dis-
turbance, are progressive and lead to a deterioration
in the quality of life of patients. Therefore, novel
and safe therapeutic regimens are urgently required
for HAM/TSP patients to use as a treatment, or pre-
vent disease progression.

Prosultiamine (Alinamin), a vitamin B, derivative,
is safely available in Japan for the treatment of Wer-
nicke’s encephalopathy and polyneuropathy induced
by deficiency of vitamin B,;. Based on the data that
prosultiamine can induce the caspase-dependent
apoptosis of HTLV-I-infected cells through disruption
of intracellular redox reactions by a disulfide moiety
in its structure,® we carried out a clinical trial with
prosultiamine for 24 HAM/TSP patients using an
open-labeled design. Here, I will show the remark-
able efficacy of prosultiamine treatment against
HAM/TSP patients without serious adverse effects.*”

Prosultiamine 300 mg was given orally once daily
for 12 weeks. As a result, improvement in the motor
function of the lower extremities based on a reduc-
tion in spasticity (e.g. decrease in time required for
walking and descending a flight of stairs) was
observed. Interestingly, this treatment induced the
striking amelioration of urinary disturbance. In an
urodynamic study (UDS), bladder capacity and
detrusor pressure, and then maximum flow rate,
increased significantly. Detrusor overactivity and

© 2013 Japanese Society for Neuroimmunology

detrusor-sphincter dyssynergia improved in 68.8%
and 45.5% of patients, respectively. Improvement in
UDS corresponded with improvements in the score
of nocturia quality of life questionnaire. Thus, given
that the mean duration of illness of the patients
enrolled in the present study was relatively long
(approximately 21 years), the efficacy of this treat-
ment is promising.

In the present study, HTLV-I proviral copy numbers
in PBMC decreased significantly (approximately
15.4%) compared with pretreatment levels. However,
the remarkable clinical improvement in the present
study cannot be attributed solely to a decrease in
HTLV-I proviral copy numbers in PBMC. Although
the exact mechanism is not known, it might be con-
ceivable that, as one of the mechanisms, prosulti-
amine functions to induce the apoptosis of HTLV-I-
infected cells by the disruption of intracellular redox
system in the spinal cord, even if the extent of reduc-
tion of the number of HTLV-I-infected cells in PBMC
is relatively small. Further investigations including
analysis of cerebrospinal fluid are required to eluci-
date the exact mechanism of action of prosultiamine.

Overall, the present results suggest that prosulti-
amine could be a new promising therapeutic tool for
HAM/TSP patients. Therefore, further studies are
warranted for the evaluation of prosultiamine treat-
ment against HAM/TSP in a large-scale, randomized,
controlled study and long-term treatment.
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Abstract

Introduction The aim of this study was to show the
clinical and pathological characteristics of anti-centromere-
antibody (ACA)-seropositive Sjogren’s syndrome (SS) in
two anti-human T-cell leukemia virus type I (HTLV-I)-
seropositive patients.

Methods One patient was an HTLV-I carrier whereas the
other was diagnosed with HTLV-I-associated myelopathy
(HAM). Background data including serum HTLV-I titers,
viral loads, and cytokine profiles were recorded. Azocar-
mine with aniline blue (Azan)-Mallory staining and
immunohistochemistry of the labial salivary glands (LSGs)
and a muscle biopsy specimen from the HAM patient were
performed.
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Results  Serum transforming growth factor beta (TGF-f3),
tumor necrosis factor alpha (TNF-o), and HTLV-I viral
load were high in the HAM-SS patient compared with the
HTLV-I carrier. Fibrous change in LSG was prominent in
the HAM-SS patient. Although TGF-f§ expression was
similar in the two patients, expression of HTLV-I-related
proteins including p12, p28, group-specific antigen (GAG),
and nuclear factor kappa-B (NF-xB) in the LSG were
dominantly detected in the HAM-SS patient. Frequency of
TGE-f staining in HTLV-I-seropositive SS patients with-
out ACA, HTLV-I-seronegative SS patients with ACA, and
HTLV-I-seronegative SS patients without ACA was lower
than that of the previous two patients.

Conclusion A high HTLV-I viral load in situ is supposed
to promote the production of cytokines, especially TGF-p,
resulting in the fibrous change of LSG in ACA-seropositive
SS patients.

Keywords HTLV-I infection -
Anti-centromere antibody - Sjogren’s syndrome -
Cytokine

Abbreviations

ACA Anti-centromere antibody

ANA Anti-nuclear antibody

CSF Cerebrospinal fluid

HAM HTLV-I-associated myelopathy
HTLV-I Human T-cell leukemia virus type I
IFN-y Interferon gamma

MNC Mononuclear cell

LSG Labial salivary gland

SS Sjogren’s syndrome
TGF-f  Transforming growth factor beta
TNF-¢z  Tumor necrosis factor alpha
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Introduction

Human T-cell leukemia virus type I (HTLV-I) is known to
be one of the causative agents of Sjogren’s syndrome (SS)
[1, 2]. Our previous epidemiologic studies show a close
association between HTLV-I and SS [3, 4]. In addition, we
found a significantly high prevalence of SS in patients with
HTLV-I-associated myelopathy (HAM) [3, 5]. On the other
hand, anti-centromere antibody (ACA) is known as a sec-
ond class of autoantibodies in SS patients [6, 7]. Our pre-
vious report revealed that ACA is detected in only 4 % of
HTLV-I-seropositive SS cases, demonstrating that HTLV-I
might not be involved in the pathogenesis in ACA-sero-
positive SS patients [8]. However, if HTLV-I infection
coincidently occurs in ACA-seropositive SS patients, the
influence of ACA on HTLV-I-associated SS might become
obvious. In this study, we report two cases of ACA-sero-
positive SS patients who were also seropositive for anti-
HTLV-I antibody. One patient was complicated with
HAM, whereas the other was an HTLV-I carrier. The
variation in HTLV-I viral road in these patients appears to
explain the differences in labial salivary gland (LSG) his-
topathology and cytokine profile.

Patients and methods
Patients
Case 1

This was a 61-year-old female patient who complained of
sicca symptoms. Both ACA and anti-HTLV-I antibody
measured by chemiluminescent enzyme immunoassay
(CLEIA) were highly positive, as shown in Table 1. As no
other symptoms or signs, including in the neuromuscular
systems, were found in this patient, she was classified as an
HTLV-I carrier.

Case 2

A 57-year-old female patient who complained of sicca
symptoms and myalgia was diagnosed with HAM based on
the diagnostic guidance for HAM determined by the
Ministry of Health, Labour and Welfare. She had slowly
progressive and symmetrical pyramidal tract damage with
positive anti-HTLV-I antibody in both serum and cere-
brospinal fluid (CSF). Antibodies against gp46, p53, p24,
and p19 of HTLV-I in CSF were all positive. Serum ACA
was also positive at a high titer (Table 1). She also suffered
from inflammatory myopathy as evidenced by the elevation
of muscle enzymes and by magnetic resonance imaging
and muscle biopsy findings.

@ Springer

Both patients were diagnosed with SS according to the
revised criteria [9], as proposed by the American-European
Consensus Group. In both cases, HTLV-I viral roads
in sera and serum cytokines including tumor necrosis fac-
tor alpha (TNF-o), interferon gamma (IFN-y), and trans-
forming growth factor beta (TGF-f) were measured. For
comparison, we studied the three groups of patients: (1)
HTLV-I-seropositive SS patients without ACA, (2) HTLV-
I-seronegative SS patients with ACA, and (3) HTLV-I-
seronegative SS patients without ACA with respect to
TGF-f immunostaining of LSG (four patients each in three

groups).

LSG biopsy

LSG biopsy from the lower lip was performed under local
anesthesia in SS patients. Informed consent to use biopsy
samples was obtained from all participating patients at the
commencement of the study. The study was conducted
with the approval of the human ethical committee of our
institution. The classifications of Chisholm and Mason [10]
were used to determine the severity of mononuclear cell
(MNC) infiltration.

Azan—Mallory staining and immunohistochemistry
of labial salivary glands

Formalin-fixed, paraffin-embedded sections (3-um thick)
from the LSGs of these ACA-seropositive SS patients
were used for azocarmine with aniline blue (Azan)-
Mallory staining and immunohistochemistry. The sec-
tions were then stained using the Histofine Simple Stain
Kit (Nichirei Co., Tokyo, Japan) with mouse anti-human
CD4, CD8, CD20, and CD68 antibodies (DakoCytoma-
tion, Glostrup, Denmark), mouse anti-HTLV-I [p19, p28,
and group-specific antigen (GAG)] antibody (Chemicon
International Inc., Temecula, CA, USA), mouse anti-
nuclear factor kappa B (NF-xB) p65 antibody (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), and
mouse anti-TGF-§ antibody (LifeSpan BioSciences, Inc.,
Seattle, WA, USA). Briefly, endogenous peroxidase was
inactivated in a 3 % hydrogen peroxide (H,O,) solution
after microwave epitope retrieval. These sections were
then blocked with 5 % normal horse serum, followed by
incubation with monoclonal and polyclonal antibodies in
a humid chamber for 60 min at room temperature. After
incubation, all sections, including the negative control
sections, were treated with peroxidase-conjugated sec-
ondary antibodies for 30 min. The color was developed
by soaking the sections in 3.3’-diaminobenzidine (DAB)
and H,O, for 10 min, followed by counterstaining by
soaking the sections in hematoxylin solution. Negative
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Table 1 Background information and serum data of the human T-cell leukemia virus type I (HTLV-I)-associated anti-centromere antibody

(ACA)-seropositive patients

Case 1

HTLV-I carrier with ACA-seropositive SS

Case 2
HAM with ACA-seropositive SS

Age and gender

61 years old, female

57 years old, female

Xerostomia Positive Positive
Xerophthalmia Positive Negative
Schirmer test (right/left mm; <5 mm: positive) 5/4 11/11

Saxon test (g/2 min; <2 g: positive) 1.47 2.7

ANA: pattern 160 %, centromere 640x, centromere
Anti-SS-A antibody: normal 10-30 U/ml 0.7 0.9

Anti-SS-B antibody: normal 15-25 U/ml 0.9 0.5

ACA: normal <16 index 172.8 165.0

1gG: normal 870-1,700 mg/dl 1,712 1,623
Rheumatoid factor: normal <15 IU/ml 11.4 17.0
Sialography” (Rubin and Holt) Stage 1 Stage 2

Lip biopsy grade” (Chisholm and Mason) 3 3

LST (cpm) 105,936/617 184,859/19,319
PHA(4)/no stimulation

LST (cpm) 160,934/617 102,299/19,319
ConA(+)/no stimulation

Serum anti-HTLV-I antibody: normal <1.0 COI >45 >45

Serum viral load (copies/ 10% cells) <53 373

Serum TNF-a: normal 0.6-2.8 pg/ml 1.0 2.9

Serum IFN-y: normal <0.1 1U/ml <0.1 <0.1

Serum TGF-f: normal 1.56-3.24 ng/ml 2.76 12.6

Anti-SS-A Ab and anti-SS-B Ab (Mesacup SS-A/Ro test and SS-B/La test; Medical and Biological Laboratories, Nagoya, Japan) and ACA
(Mesacup-2 test CENP-B; Medical and Biological Laboratories, Nagoya, Japan) were measured using an enzyme-linked immunosorbent assay
(ELISA) kit. Serum anti-HTLV-I antibody was measured by chemiluminescent enzyme immunoassay, and HTLV-I viral load was measured by
the FastStart DNA Master Hybridization probe method. Serum TNF-o and TGF-f were measured by ELISA. Serum IFN-y was measured by
enzyme immunoassay. Data shown represent the period before treatments with agents such as glucocorticoids or immunosuppressive agents

SS Sjogren’s syndrome, ANA anti-nuclear antibody, COI cutoff index, ConA concanavalin A, cpm count per minute, HAM HTLV-I-associated
myelopathy, /g-G immunoglobulin G, LST lymphocyte stimulation test, PHA phytohemagglutinin, TNF tumor necrosis factor, IFN interferon

TGF transforming growth factor

 Sialography grading was determined by Rubin and Holt. Stages 1 and 2 represent punctate and globular patterns, respectively
® Grading defined by Chisholm and Mason: the presence of at least one focus of mononuclear cells per 4 mm? section = grade 3

control sections were treated with mouse immunoglob-
ulin (Ig)G1.

Results
Clinical and serological data with cytokine profile

As shown in Table 1, a high ACA titer was detected in both
patients. Serum IgG was almost normal, which is charac-
teristic in ACA-seropositive SS patients [6]. As patient 2
was diagnosed with HAM, spontaneous proliferation of
MNCs was significantly higher than in patient 1. Serum
HTLV-I viral load was 373 copies/10* cells in patient 2,
which is obviously higher than in patient 1 (<53 copies/
10* cells). Serum TNF-o. and TGF-f levels in patient 2

were increased compared with those in patient 1, although
serum IFN-y in both patients was within normal limits.

Azan-Mallory staining and immunohistochemical
analysis

MNC infiltration was similar in both patients; however,
Azan-Mallory staining showed a stronger fibrosis in
patient 2 than in patient 1 (Fig. 1). In patient 2, TGF-f was
highly stained in infiltrating MNCs and vessels, except in
ductal and acinar cells. TGF-f staining, although weaker
than MSG, was also performed in the muscle in patient 2.
Accordingly, infiltration of CD44 lymphocytes, which
were dominant compared with CD20 and CD68, was
shown in the LSGs of both patients (Fig. 2). Although
CD8+ lymphocytes were also scattered in LSGs, CD4+
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Fig. 1 Azocarmine with

aniline blue (Azan)-Mallory

staining and transforming

growth factor beta (TGF-f)

immunostaining in the labial

salivary gland (LSG). Azan- HAM
Mallory staining and MSG
immunohistochemistry after
epitope retrieval were
performed for formalin-fixed,
paraffin-embedded sections
(3-pm thick) from the LSG
using the Histofine Simple
Stain Kit (Nichirei Co., Tokyo,
Japan). The primary antibodies
used for immunohistochemistry HAM -
were TGF-f and mouse Muscle
immunoglobulin (Ig)G1 |
(x200). Hematoxylin was used
as a counterstain

HAM
Muscle

Fig. 2 Immunohistochemistry in the labial salivary gland (LSG).
Immunohistochemistry after epitope retrieval was performed for forma-
lin-fixed, paraffin-embedded sections (3-pm thick) from the LSG using
the Histofine Simple Stain Kit (Nichirei Co., Tokyo, Japan). The primary
antibodies used for immunohistochemistry were CD4, CDS8, CD20,

@ Springer

nuclear factor kappa B (NF-xB) (p65), and human T-cell leukemia virus
type I (HTLV-I) [p19, p28, group-specific antigen (GAG)]. Lymph node
from a patient with adult T-cell leukemia was used as a positive control
for staining HTLV-I-related proteins (data not shown) (x200). Hema-
toxylin was used as a counterstain
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and CD8+ lymphocytes were found in a muscle specimen
from patient 2. It is interesting to note that HTLV-I-related
proteins including p19, p28, and GAG were detected in the
nuclei of a large percentage of infiltrating MNCs in LSGs
and in the muscle specimen in patient 2, which was in
accordance with the distribution of NF-xB p65.

TGF-f immunostaining in SS in the presence
or absence of anti-HTLV-I antibody or ACA

We finally showed TGF-f immunostaining according to
the presence of anti-HTLV-I antibody or ACA (Fig. 3). We
performed these experiments in four patients each in three
groups and show representative results (Fig. 3). In the
HTLV-I-seropositive SS patients without ACA, TGF-§
was dominantly found in vascular endothelial cells or
fibrous tissues in LSG; however, the frequency of TGF-f+
cells (patients A-D in Fig. 3) appeared to be lower than the
patients in cases 1 and 2 in Fig. 1. In the HTLV-I-sero-
negative SS patients with ACA, TGF-f was seen in infil-
trating MNCs, vascular endothelial cells, and fibrous
tissues in LSG. Then, in the HTLV-I-seropositive SS
patients without ACA, TGF-f§ expression was similar to
HTLV-I-seronegative SS patients with ACA (patients E-H
in Fig. 3). In contrast, TGF-f expression was less in
HTLV-I-seronegative patients without ACA (patients I, K,
L) compared with other groups. In a HTLV-I-seronegative
SS patient without ACA (as in patient J), TGF-f§ was not
found in fibrous cells but in MNCs.

Discussion

Both HTLV-I and ACA are known to contribute to SS [1—
8]; however, this coincidence of HTLV-I and ACA is
supposed to occur with low frequency [8]. Our two cases
presented here are rare but may illustrate the in vivo role
of HTLV-I in patients with ACA-seropositive SS.
Although both patients showed grade 3 MNC infiltration
in LSGs, results from exocrine function tests, including
Schirmer test and Saxon test in patient 1, were worse than
those in patient 2. Except for the degree of MNC infil-
tration in LSGs, other factors such as aquaporin-5 distri-
bution or type 3 muscarinic receptors [11, 12] might affect
lacrimal and salivary secretion. With respect to MNC
infiltration into the LSG, both cases showed similar
findings. However, there were significant differences in
fibrosis determined by Azan-Mallory staining and cyto-
kine profiles.

As patient 2 was diagnosed with HAM, the HTLV-I
viral load was high in comparison with patient 1, a finding
that is consistent with previous reports [13]. Striking dif-
ferences were observed in the Azan—Mallory staining

findings; however, both patients showed high TGF-§
expression in LSGs. TGF-f is a key cytokine for promoting
the fibrotic process; thus, the prominent fibrosis of LSG is
believed to be driven by TGF-f. Fibrosis was found in the
LSG of both patients, which might be explained to some
extent by the presence of ACA, as we previously reported
[6]. However, a recent report found that HTLV-I basic-
leucine zipper (bZIP) factor enhances TGF-f signaling
through the p300 coactivator [14]. As strong expression of
HTLV-I-related proteins was found in the LSG of patient 2,
the TGF-f signaling pathways were suggested to be pro-
moted in situ by HTLV-I, resulting in marked fibrosis. A
similar phenomenon might occur in the muscle of patient 2,
resulting in inflammatory myopathy. We previously
reported that myopathy or uveitis was one characteristic of
HTLV-I-seropositive SS patients [15]. With respect to a
low level of IFN-y, Santos et al. [16] demonstrated that
administration of exogenous TGF-f induced a decrease of
IFN-y in cells from HTLV-I carriers, suggesting the pos-
sibility of the modulation of IFN-y by TGF-f in HTLV-I-
seropositive individuals. The high TNF-« level in patient 2
may also be driven by HTLV-I, as indicated for TGF-p.
To show the involvement of HTLV-I and ACA toward
TGF-f expression, we examined TGF-f immunostaining
for HTLV-I-seropositive patients without ACA, HTLV-I-
seronegative patients with ACA, and HTLV-I-seronegative
without ACA (Fig. 3). Although the precise quantitative
analysis was not performed in this study, it may demon-
strate that TGF-f expression in vascular endothelial cells
and fibrous tissues of LSGs is more prominent in SS
patients positive for both anti-HTLV-I antibody and ACA
(two cases in Fig. 1) compared with SS patients positive
for either one alone [two groups (patients A-H in Fig. 3)].
Accordingly, TGF-f expression in the above-mentioned
sites was less in SS patients who were not positive for
either anti-HTLV-I antibody or ACA (patients I-L in
Fig. 3) in comparison with other groups. Therefore, we
speculate that the synergistic effect of HTLV-I infection
with ACA-carrying status induces the expression of TGF-f3
in LSGs, especially in vascular endothelial cells and fibrous
tissue of SS patients (Fig. 4). However, we also found
intense expression of TGF-f in MNCs even in HTLV-I-
seronegative patients without ACA. As fibrous change
determined by Azan—Mallory staining was not so signifi-
cant in these patients, TGF-f in MNCs of LSGs may not be
directly associated with the fibrotic process. In fact, TGF-f
is known to be produced by CD4+ T lymphocytes [17] and
influenced by other cytokines, such as IFN-y [18]. There-
fore, the two phenomena—Azan-Mallory-stain-proven
fibrosis and TGF-f expression—should be carefully
determined in patients with SS. Further studies with a
larger number of participants and more definitive qualifi-
cation approaches are necessary to prove our hypothesis.

@ Springer



138

Mod Rheumatol (2013) 23:133-139

Fig. 3 Expression of
transforming growth factor beta
(TGF-f) in human T-cell
leukemia virus type I (HTLV-I)-
seropositive Sjogren’s
syndrome (SS) patients without
anti-centromere-antibody
(ACA), HTLV-I-seronegative
SS patients with ACA, and
HTLV-I-seronegative SS
patients without ACA.
Immunohistochemistry for
TGEF-f after epitope retrieval
was performed for formalin-
fixed, paraffin-embedded
sections (3-pm thick) from the
labial salivary gland (LSGs)
using the Histofine Simple Stain
Kit (Nichirei Co., Tokyo,
Japan). Staining was performed
for four HTLV-I-seropositive
SS patients without ACA
(patients A-D), four HTLV-I-
seronegative SS patients with
ACA (patients E-H), and four
HTLV-I-seronegative SS
patients without ACA (patients
I-]). For patient J, TGF-f3-
positive MNCs are shown in the
inser (x200). Hematoxylin was
used as a counterstain

HTLV-I(+)
ACA()

HTLV-I()
ACA(+)

HTLV-I(-)
ACA(-)

synergistic effect

Mononuclear cells

Fig. 4 Hypothesis for fibrotic alternation of salivary glands in
Sjogren’s syndrome (SS) patients through human T-cell leukemia
virus type I (HTLV-I) infection and anti-centromere-antibody (ACA)-
carrying status. From the results of the this study, HTLV-I- and ACA-
carrying status induce fibrosis in labial salivary glands (LSGs).
Furthermore, synergistic effects of HTLV-I infection with ACA-
carrying status are assumed from the results of azocarmine with
aniline blue (Azan)-Mallory staining. However, transforming growth
factor beta (TGF-f3), especially in mononuclear cells (MNCs), is also
induced in HTLV-I infection and ACA-carrying status

@ Springer

In summary, we report two cases of ACA-seropositive
SS found in HTLV-I-seropositive individuals and com-
pared these patients with HTLV-I-seropositive SS patients
without ACA, HTLV-I-seronegative SS patients with
ACA, and HTLV-I-seronegative SS patients without ACA.
The predominant characteristics were found in a patient
with HAM, which was believed to have been caused by
elevated HTLV-I viral load and subsequent cytokine pro-
duction. Elements other than TGF-f are also suggestive of
influencing fibrotic alternation of LSGs in patients with SS.

Conflict of interest None.
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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
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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 f-HAM/TSP cases. In this study, the
characteristic clinical and laboratory features of f~HAM/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. f~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

fFHAM/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 %’ (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 £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 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 fHAM/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 FHAM/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 f~HAM/TSP cases. Age of onset
in parent-child fFHAM/TSP cases was significantly younger than
that in sibling f~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 CSF were significantly lower in =HAM/TSP
cases than in sporadic cases (29.9 vs. 42.5 mg/dl, p<<0.001). This
difference in GSF 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). 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 wvs. 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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