Satou et al. Retrovirology 2012, 9:46
http://www.retrovirology.com/content/9/1/46

Page 6 of 12

15 1 15 1 o
ns. P =0.0080
n.s. n.s.
2 2
- g 101 2 10 1
+ +
£ % 2 i
a 2 s s s B
o 1 =4 o
£ £ o A
© 3 * Qtp
o0 Y u]
A
0 T T T
FoxP3 i
HD AClew  AChigh HD AClw  AChish HD ACkw AChio
rTreg cell aTreg cells FoxP3° nonT,, cells
E P = 0.0385 P<00001
- P < 0.0001
30 P =0.0316 75-
P =0.0205 ° °
- o P < 0.0001 (o] o
108 K] Oo
E 20 501
y + o o
0wz 168 0t 15 é
B 40
" 10 A
A
0102 103 104 105

Tax = l m 5 ﬁ 4 0o -EE}E 2
0- 0-
nT

nT emT

[m] o
. 257 od
00 (o]
] Al Ad °
P e
T T T

aTreg nonTreg

rTreg aTreg nonTreg emT  rTreg

0102 103 104 105
Tax

(Middle and right panels).

CD4+FoxP3~

AC with low PVL

Figure 4 Characterization of FoxP3*CD4™ T-cell subset in AC samples. (A) A result of flow cytometric dot plots of CD45RA and FoxP3 in
CD4" T cells of an AC sample is shown as an example. FoxP3*CD4" T cells were classified into three subsets. a, CD45RATFoxP3'" resting Treq
cells (Treq cells); b, CD45RAFoxpP3'o% non-regulatory T cells (FoxP3‘°W non-Teq cells), ¢, CD45RA FoxP3"9" activated Treg Cells (@Treq cells). (B~D)
Frequencies of the FoxP3*CD4" T-cell subset in HD, AC®", and AC™®". Percentages of resting T,eq cells (B), activated T,eq cells (C), and FoxP3°
non-Teg cells (D) in CD4* T cells are shown. (E) Representative flow cytometric dot plots of CD45RA and FoxP3 and histograms of Tax expression
in each CD4* T-cell subset in an AC sample (Left panel). Cumulative results from 13 AC® and 10 AC"9" individuals are shown in the graph
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was significantly lower than that in HD (p=0.0328 or
0.00002, respectively, Figure 5C). On the contrary, CD25
expression was high in HAM/TSP patients (p =0.0099,
Figure 5C). We further evaluated FoxP3*CD4" T-cell sub-
set in HAM/TSP patients. The frequencies of rT,., were
not significantly different from that in HD (p =0.9096,
Figure 5D), but aT g cells or FoxP3' non-T,e, cells were
remarkably increased (p =0.0250 or 0.0004, Figure 5E and
5F). Furthermore, aT, cells or FoxP3"Y non- reg Cells
showed a high frequency of Tax + cells compared with rT g
cells (p=0.0069 or 0.0069, respectively, Figure 5G) as
observed in ACs (Figure 4E). These data indicated that
HTLV-1 infection significantly influenced not only the
frequency but also the phenotype of CD4*FoxP3* T cells
in an inflammatory disease HAM/TSP.

Phenotypical analyses of ATL cells
Previous studies reported that some ATL cells express
FoxP3 or CD25 [30,31,33], but the precise information

about FoxP3*CD4* T-cell subset of ATL cells remains
unknown. We, therefore, analyzed CD4* T-cell subsets
for ATL cases. FoxP3 positivity was 80% in ATL cases;
yet the expression level was different among the cases
(Figure 6A), which is consistent with previous reports
[30,31]. In line with the finding in asymptomatic HTLV-
1-infected carriers that the percentage of HTLV-1 in
FoxP3'% non-Tg cells or aT g cells was high (Figure 4E),
ATL cells analyzed in this study did not express
CD45RA, suggesting that FoxP3-expressing ATL cells
might be derived from FoxP3'" non-Teg or aT,g cells.
CD25 expression on ATL cells was generally high, but
there was also much variation among the cases
(Figure 6B).

Discussion

FoxP3" T, cells play a crucial role in persistent infec-
tion and pathogenesis of chronic viral infection. Previous
studies have suggested that T,., cells suppress virus-
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Figure 5 Detailed characterizations of CD4" T-cell subsets in HAM/TSP patients. Freshly isolated PBMCs from HAM/TSP patients (n=10)
were stained with anti-CD4, anti-CD45RA, anti-FoxP3 antibodies and analyzed by flow cytometry. To detect Tax expression, PBMCs were cultivated
for 18 hours before antibody staining. (A) Percentages of CD4* or CD8" T cells in HAM/TSP patients. (B) Tax positivity of CD4¥, CD8*, non-T,
FoxP3~, or FoxP3™ cell populations in HAM/TSP patients. (C) Expression levels of Treg associated molecules in FoxP3* cells of HD or HAM/TSP
patients. (D-F) Frequencies of the FoxP3*CD4™ T-cell subset in HD and HAM/TSP patients. Percentages of 1Ty cells (D), aTyeq cells (E), and
FoxP3'™ non-T,e, cells (F) in CD4™ T cells are shown. (G) Tax positivity of each CD4* T-cell subset in HAM/TSP patients.

specific CD8" T-cell effector functions in chronic human
viral infections such as human immunodeficiency virus,
hepatitis C virus and cytomegalovirus [34,35]. Regarding
this point, FoxP3" T, cells play a role in facilitating
viral persistence. In HTLV-1 infection, the frequency of
FoxP3* cells is indeed correlated with the impairment of
CTL activity against the viral antigen Tax in HAM/TSP
patient [36]. On the other hand, FoxP3™ T, cells could
prevent tissue damage caused by excessive immune re-
sponse triggered by viral infection. In addition to these
general roles of FoxP3" T, cells in chronic viral infec-
tion, FoxP3™ T, cells should have some specific role in
HTLV-1 infection, because FoxP3" T, cells are com-
prised in CD4" T cells, which are a main host cell popu-
lation of HTLV-1. Here we performed a comprehensive
analysis of CD4" T-cell subsets in individuals naturally
infected with HTLV-1 and revealed that the frequency of
HTLV-1 infection is positively correlated with the fre-
quency of FoxP3" T cells (Figure 1E). The increased
FoxP3* T cells themselves are frequently infected with
HTLV-1 (Figure 3B), suggesting that HTLV-1 utilizes the
FoxP3™ T cells as a host cell. What is the advantage for
HTLV-1 to exist in FoxP3" T cells? There are two

possibilities for this preference. First, FoxP3* T cells are
known as hyper-proliferating cells in vivo with a doub-
ling time of 8 days [37], which could contribute to clonal
expansion of infected cells. Second, HTLV-1 can evade
the host immune system by directly infecting this poten-
tially immuno-suppressive cell population. Thus, HTLV-
1-infection of FoxP3" T cells should enable the virus to
increase or maintain proviral load and achieve persistent
infection.

How then does HTLV-1 infection target FoxP3™ T cells?
This could be explained by the following two mechanisms.
First, FoxP3* T cells are known to contact with dendritic
cells (DCs) frequently [38], which could increase
the chance of de novo viral infection between DCs and
FoxP3" T cells. A recent study demonstrated that cell-free
HTLV-1 efficiently infects DCs, and the infected DCs pro-
mote de novo infection of CD4* T cells [39]. This notion
is consistent with the finding that effector/memory-type
CD45RA™ T, cells, including FoxP3'¥ non-T,e, cells
and Foxp3hieh aTeg cells, are more frequently infected
with HTLV-1 than CD45RA™ 1T, cells (Figure 4E). Sec-
ond, once FoxP3™ T cells are infected with HTLV-1, HBZ
should be expressed in the host cells. Since HBZ is recently
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Figure 6 Characterization of CD4"* T-cell subsets in ATL cells. PBMCs from ATL patients (n = 10) were stained with anti-CD4, anti-CD45RA,
anti-CD25, and anti-FoxP3 antibodies and analyzed by flow cytometry. (A) The expression pattern of CD45RA and FoxP3 of CD4* T cells in ATL
patients. (B) The expression pattern of CD25 and FoxP3 of CD4* T cells in ATL patients.

reported to induce FoxP3 expression via enhancing TGF-f
signaling pathway [17,40], HTLV-1 infection is likely to
convert FoxP3™ cells into FoxP3" cells. In addition,
HTLV-1 has a cell-extrinsic effect on FoxP3* cell gener-
ation. HTLV-1 infected cells secrete CCL22 via expres-
sion of Tax, which indirectly contributes to the
generation and maintenance of HTLV-1 uninfected
FoxP3* cells [41,42]. This would contribute to an
increased number of HTLV-1-uninfected FoxP3™ cells.
Since FoxP3" T, cells play a crucial role in suppres-
sing immune response, the increase of FoxP3™ cells

observed in HTLV-1 infection may contribute to im-
munodeficiency, which is frequently observed in HTLV-
1 infection [43]. On the other hand, the high frequency
of FoxP3* T cells observed in HAM/TSP patients is
paradoxical, because the pathogenesis of HAM/TSP is
believed to be inflammatory. Therefore, we analyzed the
phenotype of the increased FoxP3" cells and observed
that CTLA-4 and GITR expression of FoxP3* T cells in
HAM/TSP patient was significantly reduced compared
to uninfected individuals (Figure 5C). A similar observa-
tion was reported previously that the expression level of
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FoxP3, GITR, or CTLA-4 mRNA in CD4"CD25" T cells
of HAM/TSP patients is lower than that of HD [44].
That report used CD4"CD25" as a marker of T, cells,
but CD4°CD25" T cells contain not only FoxP3" T
cells but also FoxP3™ activated T cells. Particularly the
proportion of CD4*CD25"FoxP3 activated T cells is up-
regulated in HAM/TSP patients, which is likely to re-
duce the proportion of FoxP3" T, cells in CD4"CD25"
T cells of HAM/TSP patients. Thus, the expression level
of GITR or CTLA-4 in FoxP3* T cells of HAM/TSP
patients has not been elucidated yet. To avoid this con-
cern, we utilized the multicolor flow cytometry, which
enabled us to show that CTLA-4 and GITR were clearly
down regulated in FoxP3* T cells of HAM/TSP patients.

Then what is the underlying mechanism of this
phenomenon? We reported recently that HBZ-Tg mice
showed a pro-inflammatory phenotype in spite of the in-
crease of Foxp3™ T cells [17], which is similar to HAM/
TSP patients (Figure 1D). T, associated molecules were
also down regulated in Foxp3®™ T cells of HBZ-Tg mice.
Thus, HBZ-mediated FoxP3 dysfunction may play a role
in the abnormality regarding FoxP3" cells in HAM/TSP
patients. It has been reported that Tax also contributes
to the dysregulation of FoxP3" T, cells. Tax suppresses
FoxP3 expression at transcriptional level [45], which alter-
natively or additionally could contribute to the abnormal
phenotype of FoxP3" cells. These findings collectively indi-
cate that the increased FoxP3" T, cells were functionally
impaired in HAM/TSP patients. Furthermore, FoxP3*
CD4"* T cells in HAM/TSP patient contain an increased
FoxP3* non-Treg population (Figure 5F), which would con-
tribute to the inflammatory phenotype of HAM/TSP via
generation of pro-inflammatory cytokine-producing CD4*
T cells such as Ty cells [46] or exFoxp3 cells [47].

In the current study, we did not observed FoxP3 re-
pression during Tax expression by ex vivo cultivation.
This result seems to be inconsistent with a previous re-
port that Tax represses FoxP3 expression [45]. There are
two possible explanation of this inconsistency. First,
there is the difference of the ways to express Tax. In the
previous study, the authors used transfection of plasmid
that induces Tax expression by the CMV promoter. We
used endogenous HTLV-1 provirus to express Tax.
Therefore, the expression level of Tax in our current
study should be much lower than that of the previous
study. In addition, Tax expression was induced in a pro-
portion of FoxP3" cell in our current study. Second,
there are differences in incubation time for Tax expres-
sion. In the previous study, the authors evaluated FoxP3
expression after 48 hours of transfection, whereas we
evaluated FoxP3 expression within 24 hours after Tax
expression.

High expression levels of CD25 are also well documented
in HTLV-1 infection [33]. Consistent with previous
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findings, CD25 expression is upregulated in FoxP3" cells of
HAM/TSP patient (Figure 5C). One determinant of the
susceptibility to HAM/TSP is host genetic polymorphism
such as MHC class 1, which influences the efficiency of
CTL against HTLV-1 [48,49]. HTLV-1-infected individuals
who have HLA class I susceptible for HAM/TSP may allow
high expression of Tax and/or HBZ, which could cause up-
regulation of CD25 molecules in the FoxP3" cell population
(Figure 5C).

It is controversial whether ATL is a leukemia of FoxP3*
Theg cells or not. However, there is no a priori reason to as-
sume that ATL cells must be exclusively derived from
FoxP3" Tyeg cells or non-Teg cells. Indeed, there are previ-
ous reports to support both possibilities. Some studies have
reported that ATL cells have regulatory functions [50,51],
whereas other studies reported no regulatory function in
ATL [52,53]. We showed here that HTLV-1 is frequently
detectable in CD4"FoxP3* T cells (Figure 3B) in AC. More
than half of ATL cells express FoxP3 (Figure 6), even
though FoxP3 expression in ATL cells is variable as shown
in the present and previous studies [30,31]. These findings
prompt us to propose an idea that more than a half of ATL
cells are possibly derived from FoxP3" T, cells. We
reported previously that HBZ expression is constitutively
active but Tax expression is frequently silenced in ATL
cells, which possibly contributes to high frequency of
FoxP3* ATL.

Conclusion

This study demonstrated that HTLV-1 infection induced
the abnormality of frequency and phenotype of FoxP3*
T cells, suggesting that HTLV-1 has evolved a sophisti-
cated strategy to achieve persistent infection by directly
affecting the central regulator of the host immune sys-
tem. HTLV-1-mediated dysregulation of FoxP3* T cells
is likely to be a critical cellular mechanism for the
understanding HTLV-1 pathogenicity.

Methods

Clinical samples and ethics statement

PBMCs were obtained from asymptomatic HTLV-1
infected carriers (n=23), HAM/TSP patients (n=10),
ATL patients (n=10), and age-matched healthy controls
(n=10). Characteristics of each group are presented in
Table 1. ATL patients consist of 2 acute, 4 smoldering
and 4 chronic types of ATL cases. Genomic DNA
extracted from PBMCs was used to determine proviral
load (PVL) as described previously [29]. Briefly, PVL was
quantified by real time PCR and calculated by using gen-
omic DNA of TL-Om]l, an ATL cell line with one copy
of complete HTLV-1 provirus, as a standard of 100%.
We defined AC with less than 2% of proviral load as
AC"" and AC with more than 2% of proviral load as
ACME" This study was conducted according to the
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principles expressed in the Declaration of Helsinki and
approved by the Institutional Review Board of Kyoto
University (844 and E-921). All patients provided written
informed consent for the collection of samples and sub-
sequent analysis.

Antibodies

The following antibodies were purchased from BD Phar-
Mingen; purified monoclonal antibody (mAb) for human
CD3 (UCHT1), CD4 (RPA-T4), CD8a (RPA-T8),
CD45RA (NI100) and CTLA-4 (BNI3). Purified mAbs
for human CD25 (BC96), GITR (eBio AITR) and FoxP3
(236A/E7) were purchased from eBioscience.

Flow cytometric analysis

PBMCs were isolated with Ficoll-Isopaque (GE Healthcare)
gradient centrifugation. Flow cytometric analyses were car-
ried out using a FACS Cantoll with Diva Software (BD
Pharmingen), and the data were analyzed by FlowJo soft-
ware (Treestar). To discriminate dead cells, we used LIVE/
DEAD Fixable Near-IR Dead Cell Stain Kit (Invitrogen).
For cell surface staining, 10° cells were incubated with
mAbs for 30 minutes at 4°C, and then analyzed. For intra-
cellular staining, we used a human FoxP3 staining kit
according to the manufacture’s protocol (eBioscience). To
distinguish FoxP3" and FoxP3™ cell population clearly, we
used isotype control according to the manufacture’s
recommendation. To detect the viral antigen Tax, we cul-
tured PBMCs from ACs or HAM/TSP patients for 12—-18
hours and stained with monoclonal antibodies against
FoxP3 or Tax (MI-73) [54], and then analyzed by flow

cytometry.

Statistical analysis

To compare 2 groups when data were determined to
have a Gaussian distribution, the Student ¢ test was used.
If data did not have a Gaussian distribution, the Mann—
Whitney U test was used for unpaired data, and the Wil-
cox signed-ranks test was used for paired data. The AC
group and HD did not differ significantly in sex or age,
using chi-squared test and Mann—~Whitney U test. Dif-
ferences with P < 0.05 were considered to be statistically
significant. Correlations were evaluated using Spear-
man’s rank correlation.

Additional files

Additional file 1: Figure S1. Absolute cell numbers of each CD4*T-cell
subset in HTLV-1 infected individuals. (A) Absolute cell numbers of CD4*
T cells in 4 distinct subjects. Data shown are gated on lymphocyte
fraction based on the dot plot pattern of SSC and FSC. (B and Q)
Absolute cell numbers of FoxP3 CD45RA™ naive CD4™ T cells (B) or FoxP3
“CD45RA™ effector/memory CD4™ T cells (C). (D) Absolute cell numbers
of FoxP3* cells in CD4* T cells.

Additional file 2: Figure S2. Effect of ex vivo cultivation on FoxP3 and
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CD45RA expression. The percentages of FoxP3 and CD45RA expression in
CD4™ T cells both before and after ex vivo culture are shown from 5
distinct ACs.

Additional file 3: Figure S3. Frequency of each CD4 T-cell subset in
Tax-expressing cell population in AC. Cumulative results from 23AC
individuals are shown in the graph.
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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 (L.SGs)
and a muscle biopsy specimen from the HAM patient were
performed.
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Results  Serum transforming growth factor beta (TGF-p),
tumor necrosis factor alpha (TNF-«), 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
TGF-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-5,
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-o0  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-f 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,0, 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 2
HAM with ACA-seropositive SS

Case 1
HTLV-I carrier 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 160x, 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

IgG: normal 870-1,700 mg/dl 1,712 1,623
Rheumatoid factor: normal <15 IU/ml 114 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(+)/mo 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-¢: normal 0.6-2.8 pg/ml 1.0 2.9

Serum IFN-y: normal <0.1 IU/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, JFN 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-a 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 CD4+ 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 HE
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-$ and mouse Muscle
immunoglobulin (Ig)G1

(x200). Hematoxylin was used

as a counterstain

HTLV-
Carrier

Carrier

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, CD8, CD20,

@ Springer

Azan TGF-B ‘ migG

nuclear factor kappa B (NF-«B) (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+4 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-§ 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-1 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-f
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-§ in HTLV-I-
seropositive individuals. The high TNF-o level in patient 2
may also be driven by HTLV-I, as indicated for TGF-f.
To show the involvement of HTLV-I and ACA toward
TGF-f expression, we examined TGF-§ 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-f
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-§
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.
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Fig. 3 Expression of
transforming growth factor beta
(TGF-p) in human T-cell
Jeukemia 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
TGF-f after epitope retrieval
was performed for formalin-
fixed, paraffin-embedded
sections (3-um 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-J). For patient J, TGF-$-
positive MNCs are shown in the
inset (x200). Hematoxylin was
used as a counterstain

HTLVJGJ‘
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-]) 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-f), especially in mononuclear cells (MNCs), is also
induced in HTLV-I infection and ACA-carrying status
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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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Minocycline modulates antigen-specific CTL
activity through inactivation of mononuclear
phagocytes in patients with HTLV-I associated

neurologic disease

Yoshimi Enose-Akahata', Eiji Matsuura'?, Yuetsu Tanaka®, Unsong Oh'* and Steven Jacobson'”

Abstract

Background: The activation of mononuclear phagocytes (MPs), including monocytes, macrophages and dendritic
cells, contributes to central nervous system inflammation in various neurological diseases. In HTLV-l-associated
myelopathy/tropical spastic paraparesis (HAM/TSP), MPs are reservoirs of HTLV-I, and induce proinflammatory
cytokines and excess T cell responses. The virus-infected or activated MPs may play a role in immuneregulation
and disease progression in patients with HTLV-l-associated neurological diseases. '

Results: Phenotypic analysis of CD14" monocytes in HAM/TSP patients demonstrated high expression of CXsCR1
and HLA-DR in CD14"°¥CD16™ monocytes, compared to healthy normal donors (NDs) and asymptomatic carriers
(ACs), and the production of TNF-a. and IL-1B in cultured CD14" cells of HAM/TSP patients. CD14" cells of HAM/
TSP patients also showed acceleration of HTLV-l Tax expression in CD4" T cells. Minocycline, an inhibitor of
activated MPs, decreased TNF-o expression in CD14™ cells and IL-1B release in PBMCs of HAM/TSP patients.
Minocycline significantly inhibited spontaneous lymphoproliferation and degranulation/IFN-y expression in CD8*
T cells of HAM/TSP patients. Treatment of minocycline also inhibited IFN-y expression in CD8™ T cells of HAM/TSP
patients after Tax11-19 stimulation and downregulated MHC class | expression in CD14" cells.

Conclusion: These results demonstrate that minocycline directly inhibits the activated MPs and that the
downregulation of MP function can modulate CD8" T cells function in HAM/TSP patients. It is suggested that
activated MPs may be a therapeutic target for clinical intervention in HAM/TSP.

Keywords: HTLV-I, HAM/TSP, monocyte, CTL, minocycline

Background

The human T cell lymphotropic virus I (HTLV-I) infects
20 million people worldwide of which the majority of
infected individuals are asymptomatic carriers (AC) of
the virus [1]. However, in a small percentage of infected
individuals, HTLV-I is the etiologic agent of adult T cell
leukemia/lymphoma (ATL) [2] and a chronic, progres-
sive neurological disease termed HTLV-I-associated
myelopathy/tropical spastic paraparesis (HAM/TSP)
[3,4]. Patients with HAM/TSP demonstrate high HTLV-
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Neurological Disorders and Stroke, National Institutes of Health, Bethesda,
Maryland 20892 USA
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I proviral DNA load, high HTLV-I Tax mRNA load,
and high virus-specific immune responses, including
increased production of inflammatory cytokines and
expansion of Tax-specific CD8" T cells [5-9]. A high
frequency of CD4" T cells is persistently infected and
exhibits high expression of Tax protein [10]. These
infected cells are responsible for the increased lympho-
cyte proliferation in patients with HAM/TSP [11]. High
frequency of activated CD8" T cells in peripheral blood
and even higher in cerebrospinal fluid has been reported
[12]. In addition to these strong HTLV-I-associated
T cell responses, it has been suggested that mononuc-
lear phagocytes (MPs; monocytes, dendritic cells, tissue
macrophages and microglia) are also involved in the

© 2012 Enose-Akahata et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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pathogenesis of HAM/TSP. MPs are infected with
HTLV-I in vitro and in vivo [13-18], and dendritic cells
have been shown to effectively transfer cell-free virus to
CD4* T cells [18]. HTLV-I-infected dendritic cells can
stimulate both CD4" and CD8"* T cells [17]. Moreover,
HTLV-I infection of CD14" cells and the concomitant
expression of IL-15 mediate spontaneous degranulation
and IFN-y expression in CD8" T cells [19]. Pathological
studies have confirmed the presence of inflammatory
monocyte/macrophages as well as CD4" T cells and
CDS8" T cells in the central nervous system (CNS) of
HAM/TAP patients [20,21]. These findings suggest that
virus-infected or activated MPs may play a role in
immune regulation and disease progression in patients
with HTLV-I-associated neurological diseases.

MPs are widely distributed immune cells that maintain
tissue homeostasis and provide a first line of defense
against invading pathogens. MPs have been shown to pre-
sent antigens bound by major histocompatibility complex
(MHC) molecules and to activate CD4* T helper cells or
cytotoxic CD8* T cells [22]. The abilities to combat micro-
bial infection and clear debris are intimately tied to MP
activation and follow degenerative, inflammatory, infec-
tious, and ischemic insults. However, under inflammatory
conditions, differential MP population and activation of
MPs are related to immunopathogenesis and disease pro-
gression. Human peripheral monocytes contain two major
subsets, the CD14*CD16™ and CD14'°¥CD16* monocytes
[23]. The CD14'°“CD16* monocytes express higher levels
of proinflammatory cytokines than CD14*CD16™ mono-
cytes, with a higher capacity for antigen presentation, and
are increased in inflammatory and infectious diseases in
humans [24]. Macrophage/microglial inflammatory activ-
ities have been shown to influence a number of neurode-
generative diseases including human immunodeficiency
virus (HIV)-associated dementia, Alzheimer’s disease, Par-
kinson’s disease, stroke, brain and spinal cord trauma [25].
In HAM/TSP, the expression of proinflammatory cyto-
kines such as IL-18, TNF-a and I[FN-y is detected in per-
ipheral blood mononuclear cells (PBMCs) as well as in
perivascular infiltrating macrophages and microglia in the
spinal cords of patients with HAM/TSP [26,27]. Moreover,
HTLV-I Tax has been reported to induce the human
prolL-1B gene promoter in monocytic cells [28]. Thus,
MPs of patients with HAM/TSP might be activated under
inflammatory conditions and play a role in immunopatho-
genesis of this disorder.

In this study, we demonstrate that CD14" cells of
patients with HAM/TSP showed an inflammatory pheno-
type as evidenced by high expression of HLA-DR and
CX;CR1, proinflammatory cytokines (TNF-a and IL-18)
and acceleration of HTLV-I Tax expression in CD4* T
cells. Minocycline, which is tetracycline derivative and a
known inhibitor of activated macrophage/microglia [29],
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significantly inhibited TNF-o. and IL-1f expressions in
cultured CD14" cells of patients with HAM/TSP. More-
over, treatment with minocycline demonstrated inhibi-
tion of IFN-y expression in CD8" T cells of patients with
HAM/TSP, resulting from inhibition of MP activation by
minocycline. These results demonstrate that CD8" T cell
activation of patients with HAM/TSP can be suppressed
through down-regulation of MP activation, and suggest a
novel treatment strategy in patients with HTLV-I asso-
ciated neurological disease.

Results

High CX3CR1 and HLA-DR expression in monocytes of
patients with HAM/TSP

To characterize CD14" cell subsets in PBMCs of HAM/
TSP patients, the expression of monocyte markers CD14
and CD16 was examined by flow cytometry in NDs,
ACs and patients with HAM/TSP. Figure 1A demon-
strates a representative dot plot of MP populations of a
ND and a patient with HAM/TSP. Group analysis did
not show significant differences between CD14"CD16
and CD14'°YCD16" frequencies in MP population
among NDs, ACs, and patients with HAM/TSP (data
not shown). Previous reports demonstrated that
CD14'°¥CD16* monocytes expressed higher levels of
CX3CR1 (a fractalkine receptor) and HLA-DR, proinflam-
matory cytokines and higher potency in antigen presenta-
tion in human inflammatory and infectious diseases
[23,24]. We therefore compared CX3CR1 and HLA-DR
expression on CD14'°"CD16* monocytes among the
groups. A representative dot plot shows that both
CX3CR1 and HLA-DR expression was higher in
CD14'°¥CD16" subset of a patient with HAM/TSP than
that of a ND (Figure 1A). In NDs, the CD14°¥CD16" sub-
set expressed both CX3CR1 and HLA-DR (mean-+/-stan-
dard deviation (SD) = 7.572+/-6.748, n = 10; Figure 1B). In
contrast, the CD14/°YCD16" subset of patients with
HAM/TSP had significantly higher levels of both CX3CR1
and HLA-DR expression (mean+/-SD = 51.88+/-24.42,
n = 12; Figure 1B). CX3CR1 and HLA-DR expression in
CD14°¥CD16" subset of ACs was significantly lower than
those in patients with HAM/TSP, and at comparable levels
with those in NDs (mean+/-SD = 15.04+/-13.31, n = 6;
Figure 1B). These results demonstrated that the
CD14"CD16" subset in patients with HAM/TSP showed
significantly high expression of CX3CR1 and HLA-DR,
compared to NDs and ACs.

Given the high expression of CX3CR1 and HLA-DR on
the CD14°¥CD16" subset in patients with HAM/TSP,
we asked whether these changes in MP subsets were
related to biomarkers of disease activity in HAM/TSP.
We previously reported that CD14" cells induced degra-
nulation and IFN-y expression in CD8" T cells of patients
with HAM/TSP in vitro [19]. We therefore analyzed the
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Figure 1 Characterization of mononuclear phagocytes in patients with HAM/TSP. (A) Representative dot plots of CX3CR1 and HLA-DR
expression in CD14°" CD16* cells of a ND and a HAM/TSP patient. (B) Comparison of frequencies of CXsCR1* HLA-DR* cells in CD14°% CD16*
mononuclear phagocytes of NDs, ACs and HAM/TSP patients. The data were obtained from ten NDs, six ACs and twelve HAM/TSP patients. The
CD14°"CD16* subset of HAM/TSP patients had significantly higher levels of both CXsCR1 and HLA-DR expression, compared to NDs (p =
0.0001) and ACs (p = 0.0076) by Mann-Whitney test. The horizontal line represents the mean. (C) The frequency of CX3CR1*HLA-DR* cells was
shown to be significantly correlated with spontaneous degranulation/IFN-y expressions in CD8" T cells of HTLV-l-infected patients, including ACs
(n = 6, opened circle) and patients with HAM/TSP (n = 12, closed circle) by simple linear regression analysis (P = 0.0004, R? = 0.5520). (D)
Localization of CXsCR1¥ cells in the spinal cord of a HAM/TSP patient. Parenchyma (i) and meninges (ii) were stained with antibodies for CXsCR1
(brown). Parenchyma was stained with antibody for CX3CR1 (brown in iii), and double-stained with CX;CR1 and CD68 (red in iv). CXsCR1™ cells
were positive for CD68. Magnifications, x20. Black bar = 40 pum.
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relationship between CX3CR1/HLA-DR expression on
CD14'°¥CD16* subset and degranulation/IFN-y expres-
sion in CD8" T cells of HTLV-I-infected patients.
CX3CR1/HLA-DR expression on CD14°¥CD16* subset
was significantly correlated with degranulation/IFN-y
expression in CD8" T cells of HTLV-I-infected patients
(Figure 1C; P = 0.0004, R* = 0.552). These results sug-
gested that activation of MP in vivo could be related to
CD8* T cell activation of patients with neurologic inflam-
matory disease.

Immunohistochemical analysis further demonstrated
that CX3CR1" cells were detected in the spinal cord of a
patient with HAM/TSP (Figure 1D). CX3CR1" cells were
detected around the blood vessels and in the parenchyma
and the meninges in the HAM/TSP spinal cord (Figure
1Di and 1Dii, respectively), suggesting a recruitment of
CX3CR1™ cells from the periphery to the spinal cord par-
enchyma and meninges. Moreover, CX3CR1" cells in the
parenchyma were morphologically bigger (Figure 1Diii)
and positive for CD68 (Figure 1Div), probably correspond-
ing to MPs. These results further support the idea that
CX3CR1" cells might be recruited from peripheral blood
to the spinal cord in patients with HAM/TSP.

CD14" cells express TNF-o. and IL-1B and increase HTLV-I
Tax expression in CD4" T cells of patients with HAM/TSP
To further investigate MP activation in HAM/TSP
patients, we examined TNF-a and IL-1B expression in
cultured PBMCs of ND and HAM/TSP patients. After
culture of total PBMCs for 24 hours, the frequency of
CD14" cells that expressed TNF-a was first examined by
flow cytometry. CD14" cells expressing TNF-o was sig-
nificantly elevated in HAM/TSP patients, compared to
NDs (Figure 2A). IL-1B was detected in PBMC culture
supernatants of HAM/TSP patients but not of NDs (Fig-
ure 2B). Since relative expression of IL-13 mRNA drama-
tically increased in CD14" cells after culture (data not
shown), IL-1B detected in the culture supernatants would
be released from the MPs of HAM/TSP patients.

In addition to the production of various proinflamma-
tory cytokines, activated or virus-infected MPs, such as
infection with HIV, effectively transfer or promote pro-
ductive virus upon interaction with T cells [30,31].
Although CD14" cells of patients with HAM/TSP are
activated and also infected with HTLV-I at low levels, we
wished to determine if there would be an increase in
HTLV-I production in CD4* T cells of patients with
HAM/TSP after interaction with autologous CD14" cells.
To address whether CD14" cells promote HTLV-I pro-
duction in CD4"* T cells of patients with HAM/TSP, we
examined HTLV-I Tax expression of CD4*CD25" T cells
and CD4"CD25™ T cells cocultured with or without auto-
logous CD14" cells of patients with HAM/TSP,
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compared to those of ACs. As shown in Figure 2Cij, in
patients with HAM/TSP, 5.8-9.5% of CD4*CD25* T cells
expressed HTLV-I Tax proteins at baseline. After cocul-
ture with autologous CD14" cells, HTLV-I Tax expres-
sion was dramatically increased in CD4*CD25% T cells
(14.1-15.9%, p = 0.0226; Figure 2Ci). While HTLV-I Tax
expression was also detected in 0.8-4.4% of CD4*CD25"
T cells, an increase after coculture with CD14" cells was
lower than in CD4*CD25" T cells (Figure 2Cii). Since the
increase of Tax expression was not detected in CD4" T
cells without cell-cell contact with CD14" cells (data not
shown), the increased expression of HTLV-I Tax in
CD4" T cells by the addition of CD14" cells was cell-
dependent. By contrast, both CD4*CD25" T cells and
CD47CD25™ T cells of ACs showed lower expression of
Tax proteins (< 1%), which did not change after coculture
with autologous CD14" cells (Figure 2C). Thus, CD14*
cells could accelerate Tax expression in HTLV-I-infected
CD4* T cells of patients with HAM/TSP.

Minocycline inhibited MP activation and spontaneous
lymphocyte proliferation of patients with HAM/TSP

Since various therapeutic agents have been developed
for neuroinflammatory diseases specifically aimed at the
inhibition of activated MPs, we attempted to examine
the inhibition of MP function in patients with HAM/
TSP using minocycline, which is known as an inhibitor
of monocyte/macrophage activation. To evaluate inhibi-
tory effect of minocycline on activated MP of patients
with HAM/TSP, we examined TNF-a expression in cul-
tured PBMCs of patients with HAM/TSP by treatment
with minocycline. As shown in Figure 3A, the frequency
of CD14" cells expressing TNF-o was significantly
inhibited at 10 uM of minocycline treatment in HAM/
TSP patients (Figure 3A; closed bar, p = 0.0313). The
cultured CD4" T cells also expressed TNF-o, but mino-
cycline did not inhibit TNF-a expression in CD4" T
cells (Figure 3A; opened bar). As demonstrated pre-
viously (Figure 2B), IL-1B was detected in the superna-
tants of cultured PBMCs of patients with HAM/TSP;
the release of IL-1f from these cultured HAM/TSP
PBMCs was also inhibited by 10 uM of minocycline
treatment (p = 0.0078; Figure 3B). These results demon-
strated that minocycline inhibited the expression of
proinflammatory cytokines from MPs, but not from
CD4" T cells, of patients with HAM/TSP.

An additional established measure of HAM/TSP T cell
activation ex vivo is the well-described observations of
increased spontaneous lymphoproliferation [5]. In addi-
tion to the expression of HTLV-I Tax and a variety of
cytokines in PBMCs of HTLV-I-infected patients that are
associated with spontaneous lymphoproliferation [32-34],
the activation of MP is also involved in spontaneous

267



Enose-Akahata et al. Retrovirology 2012, 9:16 Page 5 of 14
http://www.retrovirology.com/content/9/1/16
A B
p=0.0022
g 6 . 80- p—00043
L
8 T 60 °
Y 4 2
5 ’ € 5
Q = 40 o
c
£ 2 s = 099
[ XY °
* 20§
w °®
P-4
~ d—aececae— . [ BEE ¥ S .
ND HAM/TSP ND HAM/TSP
Cc
i ii
S S
o
Pl p=0.0226 = 20
3 8
— 157 ~ 154
% .
O 0o
O 104 O 104
£ £
[ c
.9 5 Re] 5
»n 5+ n 54
o o
a o
g — g ;"/""3
3 0 &= e 3 0 3 of
5 CD4+CD25+ Cocultured with E CD4+CD25- Cocultured with
T cells CD14+ cells T cells CD14+ cells
Figure 2 Activated CD14" cells in patients with HAM/TSP. (A) TNF-a. expression in CD147 cells of NDs and HAM/TSP patients after culture for
24 hours. The data were obtained from six NDs and six HAM/TSP patients, CD14™ cells expressing TNF-a. was significantly elevated in HAM/TSP
patients, compared to NDs by Mann-Whitney test (p = 0.0022). The horizontal line represents the mean. (B) Detection of IL-1B in PBMC culture
supernatants of NDs and HAM/TSP patients after culture for 24 hours. The data were obtained from five NDs and eight HAM/TSP patients. IL-1B
expression in HAM/TSP patients was significantly higher in those cells of NDs by Mann-Whitney test (p = 0.0043). The horizontal line represents
the mean. (C) Tax expressions in CD4*CD25% T cells (i) and CD4™CD25 T cells (i) cocultured with or without autologous CD14™ cells of ACs (n =
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lymphoproliferation of patients with HAM/TSP [5]. To
address the inhibitory effects of minocycline on sponta-
neous lymphoproliferation, uptake of [°H] thymidine as a
marker of proliferation was examined in PBMCs of two
patients with HAM/TSP after treatment with minocy-
cline. In minocycline-treated HAM/TSP PBMCs, the
spontaneous lymphoproliferation was inhibited in a dose-
dependent manner (Figure 3C). Since the treatment with
minocycline did not inhibit HTLV-I Tax expression in
both T cells and CD14" cells (data not shown), these
results showed that minocycline can downregulate MP
activation, such as proinflammatory cytokine expression.

Minocycline inhibits spontaneous degranulation and IFN-y
expression in CD8" T cell of patients with HAM/TSP

MPs play an indispensable role in the induction of anti-
gen-specific CTL responses by capturing viral antigen and
presenting peptide through MHC class I to CD8" T cells.
In patients with HAM/TSP, HTLV-I-infected or activated
MPs collaborate with CD8" T cell to induce spontaneous
degranulation and high IFN-y expression [19]. Since we
have demonstrated that minocycline has inhibitory effects
on activated MPs (Figure 3), minocycline might also inhi-
bit MP function such as triggering adaptive immune
responses. To determine if inhibition of MPs affects CD8"*
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(closed square) and 5 days (closed triangle). The average cpm from each well in triplicate was plotted.
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T cell responses in HAM/TSP, we examined the effect of
minocycline on expression of CD107a, a marker of degra-
nulation, and IFN-y in CD8" T cells of patients with
HAM/TSP. As previously reported [19], CD107a and IFN-
y were spontaneously expressed in CD8" T cells of a
patient with HAM/TSP after PBMC culture for 24 hours
without any exogenous stimuli, but not in those cells of a
ND. In Figure 4A, representative dot plots show that treat-
ment with minocycline inhibited CD107a and IFN-y
expression in CD8" T cells of a patient with HAM/TSP.
Group analysis showed significant, dose-dependent,

inhibitory effects of minocycline on spontaneous degranu-
lation and IFN-y expression in CD8" T cells of patients
with HAM/TSP (Figure 4B). These results demonstrated
that spontaneous degranulation and IFN-y expression in
CD8" T cells of patients with HAM/TSP were inhibited by
treatment with minocycline.

Minocycline inhibits antigen-specific CD8" T cells
responses in patients with HAM/TSP

To confirm whether treatment with minocycline could
inhibit antigen-specific CD8% T cell responses of
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